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Q U I L L  O N  S C A L P E L  This section
provides a medium through which Canadian 
surgeons can declare themselves, briefly and in­
formally, on the day-to-day affairs of surgery.
NEW WINE IN OLD BOTTLES
It has been suggested that the President of 
the Royal College, even though he is a 
physician, should add a word of welcome to 
those expressed in the September 1974 issue 
by your Co-editors. The physicians have 
never been backward when it comes to 
haranguing the surgeons, but in this instance 
the circumstances are a little different.
The content of the November issue re­
lated significantly to its new sponsorship 
and it is hoped that this heralds the future 
policy of the Journal as enunciated by the 
Council of the College, the Committee on 
Publications and your new Editorial Board. 
This policy is to emphasize the educational 
function of the Journal and to engage 
in some experiments in communicative tech­
niques, while continuing to provide a forum 
in which new observations and original re­
search can be reported.
Obviously, a journal of this type was al­
ways intended to have an educational func­
tion, inasmuch as the contributors sought to 
enlighten the readers. What is proposed now 
has what might be called therapeutic impli­
cations— to detect and enlighten areas of 
ignorance, and to stamp out nonsense. This 
has no pejorative implications. The informa­
tion explosion of the past few decades has 
been accompanied by an ignorance explo­
sion of precisely equal dimensions. There 
has been an insidious and rapid erosion of 
well-established ideas, to the extent that we 
are all in danger of the same sort of obsoles­
cence that afflicts our instruments and our 
other possessions.
Each of us has his own way of coping 
with this problem, but in the hurly-burly 
of active practice most of us are completely 
unaware of some of the recent advances that 
might affect our work. We have two diffi­
culties—first to receive some sort of signal
as soon as the real value of some new in­
formation has been established and, second, 
to learn how best to incorporate it into our 
daily work. A subsidiary problem is that 
of abandoning ideas and practices that 
seem to have worked perfectly well in the 
past. The unlearning process can be just 
as difficult and time-consuming as the learn­
ing process!
It would therefore appear that the educa­
tional function of a journal such as this 
would best be served by providing a “dis­
tant early warning” of new and useful 
knowledge on a regular basis. It should 
present material that is fitted to the needs of 
the readers rather than to the interests of the 
contributors. If the two coincide, so much 
the better!
This means that we must find ways of 
discovering the needs of the surgical com­
munity, and then set about finding the best 
methods of fulfilling them. These may have 
to be quite strident if they are to be maxi­
mally effective. This is not to say that we 
must adopt the methods of the advertiser or 
the propagandist, but it seems evident that 
entirely new approaches are needed. It has 
long been said that we must devise an en­
tirely new type of medical and scientific 
journalism if we are to avoid drowning in 
paper.
Quite conceivably, the first attempts to 
achieve this objective may prove to be 
repellent as atonal music was initially, and 
still is to some. Old traditions die hard, and 
old habits of learning are just as durable. 
None the less, we must recognize that the 
pace of change is so rapid now, and time so 
precious, that the present traditional and 
somewhat soporific methods of presenting 
material in print may have to be sacrificed 
to a new efficiency in information transfer.
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The object of all this, it must be em­
phasized again, is not to produce mere erudi­
tion, or to prepare people for some sort of 
examination, but rather to perfect their 
performance in practice. It will probably 
turn out that “old” knowledge will have to 
be presented as well as new, since many of 
the deficiencies that have been identified in 
individual performance are due to failure 
to make full use of well-established infor­
mation. Exemplary habits, of thought and 
action, are still the most important attributes 
of the competent surgeon.
Such considerations as these have im­
pelled us to set forth an objective additional 
to those previously cited for the Journal, 
which is to explore new means whereby 
the educational requirements of our read­
ership can be identified and satisfied. It is 
a formidable assignment, but we are all 
confident that your Co-editors will rise to 
the challenge. I am sure they would welcome 
your comments and your assistance. We 
shall look forward eagerly to the coming 
issues.
K. J. R. WlGHTMAN 
President,
The Royal College of Physicians & Surgeons 
of Canada.
THE SURGEON AND STATISTICS
Since 1971, Canada has been in the 
unique position of possessing complete 
medical care insurance data from all prov­
inces. This information forms part of the 
data being used by the working parties of 
the Requirements Committee on Physician 
Manpower, who are attempting to develop 
a co-ordinated planning program for all 
specialties and family practice in Canada. 
These data are also being used by various 
government agencies to predict hospital 
costs, medical costs and other health pro­
fessional requirements.
Although much general information on 
“practice profiles” may be obtained, these 
figures must be interpreted with understand­
ing, because they were originally obtained 
to pay fee-for-service physician accounts. 
Peer-related profiles are established for 
those for whom the results exceed two 
standard deviations from the group mean; 
normally, attention is directed to those on 
the upper end of the scale. Yet these figures 
make only a limited comment on the qual­
ity or effectiveness of practice of those who 
do not exceed these limits.
Vayda and Anderson, in this issue of the 
Journal,1 claim that “If hospital beds are 
available, they will be used. If there are 
more doctors doing surgery, more elective 
and discretionary surgery will be done.” 
There is no measure of the actual need; in 
other words, although it may appear that in 
Newfoundland there are many unmet sur­
gical needs, yet do the high rates in Alberta 
represent satiety or the ultimate in prac­
tice? Current methodology cannot answer 
this. There is an inherent weakness in se­
lecting a 1-year period on which to base 
the study. If the data were compared at 3- 
yearly intervals, for example, trends could 
be established and a closer investigation of 
the differing circumstances might provide 
a clue to the actual need for elective sur­
gical procedures. The demonstration, for 
example, of a declining rate of strangulated 
hernias or biliary tract complications would 
support the increased rate of elective her­
niorrhaphy or early cholecystectomy.
The problem of recommending forms of 
therapy that have been used by surgeons in 
other countries is illustrated by the reference 
to Hobbs’ therapy of varicose veins by in­
jections.- Vayda and Anderson infer that 
because similar results were obtained by 
compression sclerotherapy compared to op­
erative treatment, fewer hospital beds should 
be used for the treatment of this disease. It 
was perhaps not appreciated that the cir­
cumstances that led to the widespread use 
of this therapy were the lack of hospital beds 
as well as the volume of patients. British 
surgical practices tend to be much larger 
than Canadian, so that many Canadian 
surgeons do not have access to a large popu­
lation with which to develop the skills re­
quired for successful injection treatment. 
Other factors must be taken into account in
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assessing the applicability of this treatment 
to the Canadian environment: for example, 
such factors as the surgeons’ overall time 
required to complete sclerotherapy com­
pared with ligation and stripping with fol­
low-up visits, and the acceptability of this 
procedure by Canadian patients who must 
wear elastic bandages for 6 weeks.
There are other factors within Canada 
that make comparisons difficult. Specialist 
licensing requirements vary from province 
to province; the amount of surgery done by 
general practitioners varies widely; and 
established cancer commissions may improve 
case finding so that proportionally more 
patients with early breast cancer may be 
seen in a province. Also, the relatively high 
proportion of elective surgery done in small­
er hospitals may reflect subtle community 
pressures on the local doctor that do not 
influence his urban counterpart.
Surgical statistics are easily available from 
computers that register by procedure rather 
than by diagnosis. If diagnoses were regis­
tered, it would be possible to compare 
standards of care for hypertension, high-risk 
pregnancy, and myocardial infarction in 
addition to the results of treating hernias 
and duodenal ulcers by surgeons. By ap­
proaching the problem with information as 
to the diagnosis and management rather 
than by procedural billing, more valid in­
formation with which to establish standards 
of practice could be obtained. These data 
would be invaluable in the formation of 
professional review committees. The involve­
ment of the profession early in the plan­
ning stages would avoid the alienation that 
developed in the United States when the 
Professional Standards Review Organization
Bill was passed. It is clear that some form 
of public review of professional standards 
of care and costs is forthcoming.
Vayda and Anderson infer that, with 
elimination of surgical beds, surgical rates 
would decline. This might be accepted as 
good news by government agencies, but this 
may not be compatible with the ideal state 
of health of the population. That is not to 
say that studies are not needed in the 
surgical literature. Hall3 has indicated the 
need for each country to develop its own 
method of determining manpower require­
ments in order to achieve optimal health 
standards. We are in the process of doing 
this in Canada, and these figures are needed 
as a guide to resident-training-program di­
rectors and to immigration policies and in 
the solution of distribution problems, but 
they will require close co-operation between 
the statistician and the surgeon if the fig­
ures are to be relevant to future needs. Long- 
range planning decisions based on currently 
available information would be premature 
and possibly dangerous.
F. G. In g l is , m d , frcs[c ]
University Hospital,
University of Saskatchewan,
Saskatoon, Sask.
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EXPLORATION OF THE NECK FOR HYPERPARATHYROIDISM*
JOHN A. PALMER, MD, FRCSfC]
Summary: A  step-by-step plan for exploration 
of the neck for hyperparathyroidism has evolved 
during a 15-year experience with 148 patients 
at the Toronto General Hospital.
Selective catheterization of the veins of the 
neck with parathormone immunoassay has been 
a valuable aid in preoperative localization and is 
particularly helpful in those patients who have 
had a previous neck dissection.
The success of the exploration is based on a 
practical knowledge of the embryology and ana­
tomy of the parathyroid glands, meticulous 
dissection and the identification of all glands. 
The "angle of identification", as described, has 
been helpful in operative localization.
The parathyroid gland or glands that are 
grossly abnormal are excised, and the remaining 
glands biopsied and examined by an experienced 
pathologist, expert in quick-section techniques.
Resume: L'auteur decrit, etape par etape, un 
plan pour I'exploration du cou en vue de la 
recherche d'hyperparathyroidie. Ce plan est le 
resultat d'une experience de 15 annees sur 148 
malades de I'Hopital general de Toronto.
Un catheterisme selectif des veines du cou, 
associe a des essais immunologiques avec la 
parathormone a constitue une aide precieuse 
pour la localisation preoperatoire et a ete parti- 
culierement utile chez les malades qui avaient 
deja subi une dissection du cou.
Le succes de cette exploration est fonde sur 
une connaissance pratique de I'embryologie et 
de I'anatomie des glandes parathyroides, une 
dissection meticuleuse et I'identification de 
toutes les glandes. Pour la localisation ope- 
ratoire, 'Tangle d'identification" a ete tres 
utile.
On procede a I'excision de la glande para- 
thyroide ou des glandes qui sont tres anormales; 
quant aux glandes restantes, elles sont soumises 
a la biopsie et examinees par un pathologiste 
experiments, specialiste des techniques des 
coupes rapides.
*From the Department of Surgery, University of 
Toronto, and the Toronto General Hospital, To­
ronto, Ont.
Reprint requests to: Dr. John A. Palmer, 914 
Medical Arts Building, 170 St. George Street, 
Toronto, Ont. M5R 2M8.
D uring  the past decade hyperparathyroid­
ism has been diagnosed with increasing fre­
quency as physicians have become aware of 
its varied manifestations. However, it has 
been during the past 4 to 5 years, since the 
introduction of automation in the clinical 
laboratory, that there has been a major in­
crease in the incidence of hyperparathyroid­
ism.1 Other factors may be the widespread 
use of thiazide diuretics2 and the increasing 
numbers of patients on long-term renal dial­
ysis.3
Coincident with the increase in the recog­
nition of hyperparathyroidism has been an 
increase in related problems and complica­
tions, as surgeons unfamiliar with the opera­
tion for hyperparathyroidism succumb to a 
fascinating clinical challenge. An unsatisfac­
tory result is not surprising because it has 
been the experience of most surgeons in this 
field that the majority of failures and com­
plications occur in the initial 15 or so pa­
tients in a series.4 This is not entirely owing 
to surgical inexperience but is also related 
to the inexperience of the internist, and 
particularly of the surgical pathologist who 
is a vital member of a successful operating 
team.
Because of the increasing number of un­
successful operations, requiring a difficult 
and less satisfactory second operation, we 
have thought it worth while to review the 
technical aspects of the surgical procedure 
and to suggest steps for a complete and 
successful parathyroid exploration. This 
step-by-step approach has evolved during 
an experience with 148 patients with hyper­
parathyroidism treated surgically at the 
Toronto General Hospital.
The aim of the operation is the identifica­
tion of all four parathyroid glands, the ex­
cision of one (or more) abnormal glands and 
the biopsy of the apparently normal glands, 
for histological study and positive identifi­
cation. The finding of four glands should be 
the rule, not the exception. However, one 
should not become too obsessive in the 
search, provided the adenoma and at least 
one normal gland have been found. The re-
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moval of a single adenoma usually, but not 
with certainty, cures the patient. Multiple 
adenomas occurred in 8, and hyperplasia 
of all glands in 12, of our 148 patients. The 
histological differentiation between an ade­
noma and a hyperplastic gland, particularly 
on quick-section, is difficult and inaccurate.
Preoperative A ids
None of the many methods for staining 
or localizing parathyroid tissues has altered 
the requirement for a successful operation— 
a meticulous and thorough dissection for the 
identification of all glands. Methods of local­
ization that have been used at the Toronto 
General Hospital include barium esopha- 
gography, thyroid scanning with radioio­
dine, parathyroid scanning with selenome- 
thionine-75,r> selective arteriography, stain­
ing with toluidine blue6' 7 and selective 
venous catheterization with parathormone 
immunoassay.8
Barium swallow, thyroid and parathyroid 
scanning and arteriography were not help­
ful. The staining of parathyroid glands with 
toluidine blue dye, given intravenously, is 
interesting and may appeal to some surgeons. 
This method was used in 14 consecutive thy­
roid and parathyroid explorations in 1968, 
and was then abandoned because it was 
found to be more confusing than helpful. 
The dye altered the important and very sub­
tle colour differences between parathyroid 
glands, fat, thyroid nodules and lymph 
nodes on which identification is based.
Venous catheterization with parathormone 
immunoassay has been used as a method of 
localization in a University of Toronto hos­
pital study. In 36 patients with surgically 
proved hyperparathyroidism this method 
predicted a correct localization in 75% and 
in those patients operated upon previously 
in 60%. The procedure is highly complex 
and time-consuming and probably is not 
necessary as a routine preoperative investi­
gation. However, the method is invaluable 
and is recommended for all patients before 
re-exploration of the neck following an un­
successful initial operation or a previous 
thyroidectomy.
The Exploration
The essentials for the operation are an
adequate exposure, careful hemostasis, a 
practical knowledge of the embryology and 
anatomy of the thyroid and parathyroid 
glands, a step-by-step plan of exploration, 
and the aid of an experienced surgical pa­
thologist, expert in quick-section techniques.
A low cervical incision is used, as for a 
thyroidectomy. The strap muscles are separ­
ated in the midline from the laryngeal pro­
minence of the thyroid cartilage above to the 
suprasternal notch below and retracted la­
terally by blunt dissection to expose the thy­
roid gland. The strap muscles are not di­
vided unless there is an associated gross 
enlargement of the thyroid gland.
Adequate exposure requires two assist­
ants, one for lateral retraction of the strap 
muscles, sternomastoid and carotid sheath 
structures, and the other to retract the thy­
roid medially and to assist the surgeon in 
the display of tissues.
The middle thyroid veins are divided. The 
inferior and superior thyroid arteries should 
be left intact. The thyroid gland is retracted 
medially and rotated ventrally by the as­
sistant’s hand. Thyroid clamps distort the 
gland, cause bleeding and should not be 
used.
The recurrent laryngeal nerve is identified 
and its relationship with the inferior thyroid 
artery noted. The nerve is important, not
Fig. 1. —The thyroid gland is displaced medially 
and ventrally and the carotid-sheath structures la­
terally. The diagram illustrates the “angles of 
identification” for upper and lower glands.
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only for preservation but as the best land­
mark and guide to the parathyroid glands. 
The majority of lower glands, normal or ab­
normal, lie in the acute angle formed by the 
nerve and the thyroid gland. The upper 
glands are found in the obtuse angle superior
o  o
Fig. 2.—The distribution of lower parathyroid 
glands and adenomas in 100 consecutive cases. 
Each of the five inferiorly placed circles rep­
resents the position of an adenoma in the superior 
mediastinum.
to the nerve (Fig. 1). The lower glands 
usually lie on the lateral or posterolateral as­
pect of the lower poles of the thyroid, 
whereas the upper glands are on its posterior 
surface. As a rule, the glands of both sides 
occupy the same positions (Figs. 2 and 3).
With experience, the normal parathyroid 
gland can be readily identified by its char­
acteristic yellowish-brown or tan colour and 
its shape, similar to that of a flat bean. The 
gland frequently lies within areolar tissue 
and fat. It must be gently displayed, using 
fine blunt scissors to allow precise identifi­
cation, assessment of size and biopsy, when 
all glands have been identified.
Normal glands are remarkably constant in 
colour and size, usually measuring about 4 
x 3 x 2 mm. Atrophy of the glands, despite 
the presence of a hyperfunctioning adenoma, 
does not occur, either grossly or histological­
ly. Hypofunction may exist, but this does 
not affect the appearance of the gland.
Ideally and usually, normal upper and 
lower glands are identified on one side and 
an adenoma and one normal gland on the 
other side. The adenoma is carefully and 
completely excised without fragmentation 
and without taking a biopsy in order to 
avoid possible implantation of gland tissue 
with the development of recurrent hyper­
functioning nodules. The three normal 
glands are biopsied by removing a 1 x 2-mm 
section from the edge. The specimens are 
carefully labelled and submitted for quick- 
section. It is necessary to have as an asso­
ciate a pathologist experienced in quick- 
section techniques, able to work with very 
small fragments of tissue and, with accuracy, 
to differentiate parathyroid tissue from thy­
roid, lymphoid and thymic tissue. With ex­
perience, differentiation of normal, hyper­
plastic and adenomatous glands is possible 
in most cases.
Approximately 10% of patients with pri­
mary hyperparathyroidism have diffuse hy­
perplasia of the parathyroid glands. Sub­
total parathyroidectomy is necessary. The 
incidence of hyperplasia may be even higher, 
particularly in those centres with an active 
renal transplantation program. Hyperplastic 
glands may vary considerably in size, but 
are usually a similar reddish-brown colour. 
All glands must be identified, three removed 
and the gland most normal in appearance
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partially excised, leaving its pedicle intact 
and its size that of a normal gland. The site 
of this gland should be marked by a silver 
clip for future identification, should hyper­
calcemia persist or recur.
If the exploration has been unsuccessful 
and the lower glands are not located, the 
tissues that extend from the lower poles of 
the thyroid into the mediastinum, consisting 
mainly of fat, lymphatic tissue, veins and 
thymus, are dissected and diligently exam­
ined for parathyroid tissue. The upper poles 
of the thymus, in particular, frequently con­
tain a parathyroid gland or adenoma.
It should be emphasized that neither nor­
mal nor abnormal glands can be palpated. 
It is necessary to dissect and display the 
surrounding fibrofatty tissue in order to 
allow direct visualization of the gland. On 
occasion, a descending pedicle can be iden­
tified and followed into the lower part of 
the neck or superior mediastinum.
If the upper parathyroid glands have not 
been identified, the superior vascular pedicle 
of the thyroid should be divided and the un­
dersurface of the thyroid and the region of 
the superior thyroid arteries carefully ex­
plored. It is not unusual for the upper glands 
to have an arterial pedicle from the superior 
thyroid artery.
The next step should be an exploration 
of the paraesophageal areas, laterally to the 
carotid vessels, and from the level of the 
carotid bifurcation to the mediastinum. The 
carotid sheath should be opened and its 
structures displayed.
Finally, if an adenoma has not been 
found, a thyroid lobectomy, on the side 
where only one or no gland has been dis­
covered, has to be considered. This is advo­
cated because of the occasional finding of 
an adenoma within the thyroid capsule. To 
date I have not found thyroid lobectomy 
helpful, but would advise this step if a gland 
were irregular, nodular and difficult to 
assess. A blind total thyroidectomy is diffi­
cult to justify and is probably not indicated.
Mediastinal Exploration
Mediastinotomy is rarely necessary. The 
majority of adenomas in the superior media­
stinum can be recognized and removed from 
the neck. Although the mediastinum has 
been explored on seven occasions, it was 
actually necessary in only two patients, who 
had adenomas in the region of the aortic 
arch. The unnecessary explorations done at 
the time of the primary operation were due 
to errors in diagnosis (sarcoid and metasta­
tic carcinoma), surgical omissions during 
neck exploration, and pathologist’s error in 
interpretation of a quick-section.
It is now believed that mediastinotomy 
should not be done at the time of a primary 
neck exploration but deferred to allow re­
assessment of the diagnosis and, specifically, 
in order to obtain help in localization by se­
lective venous catheterization and hormone 
immunoassay. Even in those patients re­
ferred for mediastinal exploration following 
an unsuccessful neck exploration the neck 
should not be re-explored unless localization 
studies clearly show a low mediastinal source 
of parathormone.
For the illustrations I am indebted to the De­
partment of Art and Photography, Toronto Gen­
eral Hospital, Toronto, Ont.
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HYPERPARATHYROIDISM — AN UNUSUAL CASE
HERBERT FRANSEN, MD, FRCSfC], FACS*
Summary: A case of primary hyperparathyroidism 
is described that presented unusual features. 
The patient had been treated previously for 
squamous cell carcinoma of the lung and there­
fore it was necessary to exclude ectopic hyper­
parathyroidism. The results of the tests generally 
used to distinguish primary from ectopic hyper­
parathyroidism —  the serum chloride level, the 
serum calcium response to cortisone suppres­
sion and the absence of residual or recurrent 
tumour —  suggested that the patient did have 
the primary form of the disorder.
Exploration of the neck revealed no para­
thyroid tumour or hyperplasia, and the media­
stinal parathyroid adenoma was localized only 
by determination of parathyroid hormone in the 
venous drainage from the neck and mediastinum.
hesuin^. 'auteur presente un cas d'hyperthy- 
roidie primaire qui presentait des caracteristiques 
exceptionnelles. Ce malade avait ete traite 
auparavant pour un epithelioma a cellules squa- 
meuses du poumon, il fallait done exclure une 
hyperparathyroidie ectopique. Les epreuves cou- 
ramment employees pour distinguer I'hyperthy- 
roidie primaire de sa forme ectopique, notam- 
ment les changements affectant la chloremie et 
la calcemie apres suppression de la cortisone, 
ainsi que I'absence de tumeur residuelle ou reci- 
divante, permettaient de croire que le malade 
avait souffert de la forme primaire de la maladie.
L'exploration du cou n'a revele ni tumeur 
parathyroidienne ni hyperplasie et I'adenome 
parathyroidien mediastinal n'a pu etre localise 
que par la determination de I'hormone para­
thyroidienne dans le drainage veineux provenant 
du cou et du mediastin.
O ften  the diagnosis of primary hyperpara­
thyroidism is made easily. In a recent pa­
tient of ours, who had previously undergone 
a left pneumonectomy for squamous cell 
carcinoma of the lung, this was not the case. 
The problem of diagnosis was even more 
difficult when, on exploration of the neck, 
no parathyroid adenoma or hyperplasia 
was found. Reitz et a l1 in 1969 described 
a method of localization of parathyroid 
adenomas by selective venous catheteriza­
tion and radioimmunoassay for parathy-
* Department of Surgery, The Bethel Deaconess 
Hospital, Newton, Kansas 67114.
roid hormone. This was carried out in our 
patient and allowed us to locate a parathy­
roid adenoma overlying the superior vena 
cava in the anterior mediastinum. Its sub­
sequent removal via a median sternotomy 
resulted in complete cure with return to nor­
mal of the serum calcium, serum alkaline 
phosphatase and serum parathormone values.
Case Report
A 55-year-old man was first seen in 1968 
because of hemoptysis. A chest radiograph 
revealed a mass in the lower lobe of the left 
lung. Serum calcium was 12 mg/dl; serum 
phosphorus and alkaline phosphatase were 
within normal limits. Left pneumonectomy was 
performed and the tumour was found to be a 
grade III squamous cell carcinoma. Postoper- 
atively the patient remained hypercalcemic.
The patient remained well for the next 5 
years with no abnormal findings except for 
persistent hypercalcemia. He then returned 
to the hospital for further investigation, but 
no evidence could be found of residual or 
metastatic tumour of the lung. Serum cal­
cium was 12 mg/dl, phosphorus was still 
within normal limits but the alkaline phospha­
tase had risen to 150 IU (normal, 30 to 85) 
and the serum chloride was 102 mEq/1. Tu­
bular resorption of phosphorus (TRP) was 
68% (normal, 80%). Radiographs of the hands 
showed subperiosteal resorption of the pha­
langes, generalized demineralization of the 
bones and a cyst on the fifth right metacarpal. 
Peripheral serum parathormone as determined 
by radioimmunoassay was 449 pg/ml (normal 
<  200 pg/ml). Administration of prednisone, 
30 mg daily for 7 days, produced no decrease 
of the serum calcium value.
Exploration of the neck and anterior me­
diastinum was carried out. Two normal para­
thyroid glands were found on the left and one 
normal gland on the right side. No parathyroid 
adenoma or evidence of parathyroid hyperpla­
sia was found.
Subsequently, catheterization of the veins of 
the neck and mediastinum was performed and 
the parathormone levels of the venous drain­
age were determined. The results showed a 
significant increase in parathormone at the 
level of the superior vena cava compared with 
samples obtained from the innominate, sub-
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clavian and internal jugular veins (Fig. 1).
Through a median sternotomy a spherical 
parathyroid adenoma measuring 2.5 x 0.8 x 0.4 
cm was discovered overlying the superior vena 
cava and was removed (Fig. 2). The tumour 
consisted essentially of water-clear cells and 
was quite unlike the squamous cell carcinoma 
that had been removed from the patient’s 
chest in 1968.
The effect on the hypercalcemia was imme­
diate (Fig. 3) and for several days the patient 
required intravenous calcium gluconate sup­
plementation. It is to be noted that the alkaline 
phosphatase concentration, which had been 
gradually increasing over the 5-year period 
of follow-up since the pneumonectomy, became 
normal within 4 days after operation. It 
then rose again, presumably owing to bone re­
generation, to return to normal 5 weeks after 
operation (Fig. 3).
The patient had an uncomplicated recovery. 
Postoperative peripheral serum parathormone 
values were 93, 32 and 160 pg/ml on days 1, 2 
and 7 after operation.
362
356
305
286
Fig. 1.—Parathormone values (pg/ml) obtained 
on catheterization of the large veins of the neck 
and mediastinum (normal 200 pg/ml).
Fig. 2.—Parathyroid adenoma, consisting of 
water-clear cells (H & E).
Com m ent
The differentiation of primary hyperpara­
thyroidism from ectopic hyperparathyroid­
ism secondary to a non-endocrine tumour 
producing parathyroid hormone or a para- 
thyroid-hormone-like substance can be dif­
ficult. The problem is even greater when one 
is dealing with a patient who has (or has 
had) a known tumour.
Lafferty- has suggested that in primary 
hyperparathyroidism there is a mild renal 
tubular acidosis and the serum chloride value 
is usually 102 mEq/1 or higher whereas in 
ectopic hyperparathyroidism the chloride 
value is lower. He also claimed that the hy­
percalcemia in primary hyperparathyroidism 
is usually resistant to suppression by corti­
sone while in ectopic hyperparathyroidism 
the high calcium level can often be sup­
pressed by this means.
Riggs et al'A have demonstrated that tl e^ 
parathyroid hormone in primary hyperpa­
rathyroidism is antigenically different from 
the parathyroid hormone in the ectopic form 
and that this permits differentiation of the 
two forms in 95% of cases.
F'ig. 3.—Serum calcium and alkaline phosphatase 
values following excision of mediastinal parathy­
roid adenoma.
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Localization of hyperfunctioning para­
thyroid tissue is of the utmost importance. 
When surgical exploration of the neck is 
negative, this can be achieved by determin­
ation of parathormone in samples obtained 
by catheterization of the veins of the neck 
and mediastinum, as described by Reitz et 
al. Powell et al4 stated that catheterization 
of the large veins of the neck and mediasti­
num is of less value than direct catheteriza­
tion of the small thyroid veins. However, in 
a patient who has had a previous neck ex­
ploration with ligation of some or all of 
the thyroid veins utilization of the larger 
vessels is of significant value.
Selective catheterization of the veins of the neck 
and mediastinum and PTH determinations were 
done at the Kansas University Medical Center by 
arrangement with Dr. Joseph C. Meek.
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COMPARISON OF PROVINCIAL SURGICAL RATES IN 1968*
EUGENE VAYDA, MD, FRCP[C], FACP and GARY D. ANDERSON, PhD.
Summary: Studies have been made of age- and 
sex-adjusted 1968 provincial rates for indi­
vidual surgical procedures. For elective and dis­
cretionary operations, such as tonsillectomy and 
adenoidectomy, hysterectomy, vein stripping, 
and lens extraction, provincial rates varied by 
approximately 100%. Newfoundland, with few 
surgeons and hospital beds, had the lowest dis­
cretionary rates, and Alberta, which ranked high 
both for surgeons and hospital beds, the highest. 
Interprovincial differences were of smaller mag­
nitude for non-discretionary surgery (radical 
mastectomy, cesarean section, colectomy, lo­
bectomy, etc.). There were statistically signifi­
cant correlations between numbers of surgeons 
and elective and discretionary surgical rates and 
between numbers of hospital beds and bed 
use in the provinces.
The effect of disease prevalence on discre­
tionary surgical rates was minimized because 
the rates were age- and sex-adjusted. Provincial 
organization of, and payment for, medical ser­
vices has been similar. Hence, the ratio of sur­
gical personnel to population in each province is 
postulated as a major determinant of the differing 
interprovincial rates.
Resume: Les auteurs ont passe en revue les 
statistiques provinciates de 1968, groupees par 
age et par sexe, concernant les interventions 
chirurgicales individuelles. En ce qui concerne 
les operations electives et discretionnaires, 
comme I'amygdalectomie, I'adenoidectom ie, 
I'hysterectomie, I'extraction du cristallin, le trin- 
glage veineux, les chiffres provinciaux varient 
de pres de 100%. Terre-Neuve, ne disposant que 
d'un nombre restreint de chirurgiens et de peu 
de lits d'hopitaux, avait le plus faible nombre 
d'operations discretionnaires, tandis que I'Alber- 
ta, qui se situait au sommet tant par le nombre 
de chirurgiens et de disponibilites hospitalieres, 
avait le taux le plus eleve. En ce qui concerne 
les operations obligatoires (mammectomie radi- 
cale, operation cesarienne, colectomie, lobec- 
tomie, etc.) les differences interprovinciales
*From the Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, Ont.
Supported in part by a Faculty Fellowship award from the Milbank Memorial Fund.
Reprint requests to: Dr. E. Vayda, Department of Clinical Epidemiology and Biostatistics, McMaster University Medical Centre, 1200 Main Street West, Hamilton, Ont. L8S 4J9.
etaient minimes. On notait des correlations d'une 
nette importance statistique entre le nombre de 
chirurgiens et les operations electives ou discre­
tionnaires et entre le nombre de lits d'hdpitaux 
disponibles et I'usage des lits dans les pro­
vinces.
L'effet de la predominance de la morbidite 
sur les operations discretionnaires etait mini­
mise, parce que les chiffres etaient groupes par 
age et par sexe. On estime done que le rapport 
entre le personnel chirurgical et la population, 
dans chaque province, est le principal facteur 
determinant les differences statistiques inter­
provinciales.
In this study we compared age- and sex- 
adjusted provincial rates for various surgical 
procedures and investigated possible causes 
of the differences. In an earlier study, in 
which we examined surgical rates in Canada 
in 1968 and in England and Wales (EW) in 
1967, we found that the overall Canadian 
rate was 1.6 times higher for women and 
1.8 times higher for men than the EW 
rate.1 For elective and discretionary pro­
cedures such as tonsillectomy and adenoi­
dectomy, hysterectomy, hemorrhoidectomy, 
lens extraction and prostatectomy, the Cana­
dian rates were approximately twice the 
standardized EW rates; for cholecystec­
tomy the Canadian rate was five times 
higher and for radical breast surgery three 
times higher. Rates for other non-elective 
procedures were also higher in Canada, but 
the magnitude of the differences between the 
two countries was less than for discretionary 
surgery. With the exception of appendec­
tomy and cesarian section, non-elective sur­
gery was done less frequently than elective 
surgery in both countries.
Disease prevalence, number and kinds of 
physicians doing surgery, number of hospital 
beds, and differing treament styles and meth­
ods of payment were postulated as possible 
causes of these cross-national differences. In 
the present study, the effect of disease pre­
valence was minimized by confining the 
analysis to one country (Canada) and by 
comparing provincial surgical rates that were 
age- and sex-adjusted. It seems unlikely that 
differences in the prevalence of conditions
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such as hernia, prostatic enlargement, cata­
racts, and varicose veins could not be ex­
plained by differing provincial age and sex 
distributions. Method of payment for surgi­
cal services was not a factor because it was 
similar in all provinces. Therefore, the effect 
on surgical rates of hospital beds and surgi­
cal personnel could be assessed. Since only 
two provinces had adopted universal medical 
insurance in 1968, the effect of insurance 
coverage on surgical rates could also be ex­
amined.
Previous studies in Kansas2 and Ver­
mont8 demonstrated a relationship between 
rates for certain elective and discretionary 
operations and numbers of surgeons and hos­
pital beds. In these two states there was as 
much as a fivefold variation in regional rates 
for some discretionary procedures. In 1971, 
regional cholecystectomy rates in Nova 
Scotia varied by approximately 1 0 0 % ,4 
and regional tonsillectomy and adenoidec- 
tomy rates in Ontario by as much as 500%  .r>
M ethods
Operations were examined in several 
categories: elective and discretionary,
cancer surgery, orthopedic procedures, and 
other surgical procedures.* For each proce­
dure the number of operations in 1968 by 
province, sex and age was supplied by Sta­
tistics Canada. The year 1968 was analyzed 
because it was the most current for which 
complete data were available. In order to 
validate provincial differences over time, and 
investigate trends, data for subsequent years 
will have to be compared.
All provinces used the International 
Classification of Diseases, Adapted (ICDA)
^Elective or discretionary: cholecystectomy,
tonsillectomy and adenoidectomy, hemorrhoidecto­
my, varicose-vein stripping, extraction of lens, 
non-recurrent inguinal herniorrhaphy, hysterecto­
my, prostatectomy, hospital-treated closed reduc­
tion of fractures.
Cancer surgery: radical and simple mastectomy. 
Orthopedic procedures: open reduction of frac­
tures, excision of semilunar cartilage, joint arthro­
desis.
Other surgical procedures: appendectomy, cesa­
rean section, partial thyroidectomy, colectomy, lo­
bectomy / pneumonectomy, nephrectomy.
except New Brunswick and Newfoundland; 
both were converted to the ICDA by Statis­
tics Canada.8 Provincial sex-specific rates 
for each operation were calculated and 
standardized for age7 with the 1968 Cana­
dian population as the reference standard. 
Prince Edward Island and the Yukon and 
Northwest Territories were not included in 
the analysis because their small populations 
afforded us insufficient numbers for reliable 
comparisons. Canadian rates were obtained 
from a national report of surgical proce­
dures and treatments.8
The number of surgeons in each province 
was taken from information supplied by the 
Medicosocial Statistics Office of the Depart­
ment of National Health and W elfare9 and 
included all surgical specialists, surgical resi­
dents and general practitioners who indicated 
a primary interest in surgery as of January 
1, 1969. Provincial numbers of surgeons 
were converted to rates per 100 000  popula­
tion. The tally of hospital beds per 1000 
population included beds and cribs set up in 
all operating public, private and federal gen­
eral and allied special hospitals in 1968, and 
excluded chronic and rehabilitation hospitals 
and nursing homes.10 Provincial percent­
ages of medical and surgical insurance cov­
erage were taken from a 1968 Survey of 
Voluntary Insurance in Canada.
Neither New Brunswick nor Newfound­
land had university hospitals in 1968. Be­
cause the surgical data were based on hospi­
tal discharge reports, not patient residence, 
some New Brunswick and Newfoundland 
residents could have had operations in other 
provinces. Consequently, information re­
garding out-of-province use of medical serv­
ices was obtained.
Tests of statistical significance between 
provincial rankings for beds, surgeons and 
extent of insurance coverage and operations 
were made with the Spearman rank correla­
tion coefficient.11 In this analysis the num­
ber of surgeons per 100 000  population, 
hospital beds and bed use per 1000, in­
surance coverage per 100, and combined 
rates for elective and discretionary surgery 
were determined for each province, the 
provinces were ranked and the ranks com­
pared. The data were also analyzed with 
multiple linear regression techniques.
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TABLE I.—Elective and D iscretionary Surgery: Comparison of Age-Standardized Rates per 
100 000 Population. Canada and Provinces, 1968
ICDA
no. Procedure
Highest
Lowest Can. Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.
535 Cholecystectomy 4.1 135 43
M en
83 90 177 118 149 119 166 118
271-274 All tonsillectomy 
and adenoi- 
dectomy 2.5 964 469 754 849 822 1170 868 1007 1006 1077
493 Hemorrhoi­
dectomy 1.9 104 68 71 90 108 112 85 105 126 101
884 Stripping varicose 
veins 2.6 40 21 29 26 24 54 32 22 51 55
171-174 Extraction of lens 2.3 75 40 60 37 69 86 71 72 92 77
400 Inguinal hernior­
rhaphy 1.8 401 254 319 319 378 464 390 326 410 395
661-663 Prostatectomy 1.8 183 144 139 141 146 184 212 204 205 252
820, 823, 
826
Closed reduction of 
fractures (hospi­
talized) 2.2 157 153 140 229 136 122 180 185 268 227
Total 1.9 2059 1192 1595 1781 1860 2300 1987 2040 2324 2302
Rank — — 9 8 7 6 3 5 4 1 2
535 Cholecystectomy 2.3 487
Women 
268 380 475 625 405 499 489 560 426
271-274 All tonsillectomy 
and adenoi- 
dectomy 2.0 1025 592 836 958 887 1201 966 1057 1098 1192
493 Hemorrhoidectomy 2.7 94 46 58 77 101 95 76 103 124 92
884 Stripping varicose 
veins 3.0 168 85 129 126 121 182 138 177 230 253
721-726 Hysterectomy, all 
types 1.8 472 339 471 582 484 448 322 482 575 537
171-174 Extraction of lens 2.9 95 40 60 53 94 114 95 80 108 90
400 Inguinal hernior­
rhaphy 1.9 49 29 34 40 46 52 46 52 56 49
820, 823, 
826
Closed reduction of 
fractures (hos­
pitalized) 2.3 123 125 104 136 87 98 155 153 199 160
Total 1.9 2515 1524 2072 2447 2445 2595 2297 2593 2950 2739
Rank — — 9 8 5 6 4 7 3 1 2
Total men and 
women 1.9 4574 2716 3667 4228 4305 4895 4284 4633 5274 5041
Rank — — 9 8 7 5 3 6 4 1 2
TABLE II.—Frequency with which the Prov­
inces Ranked H ighest or Lowest for 16 Elec­
tive Surgical Procedures. 1968
Province
Number of 
times ranked 
highest or 
second highest
Number of 
times ranked 
lowest or 
second lowest
Newfoundland 0 13
Nova Scotia 0 9
New Brunswick 2 4
Quebec 2 3
Ontario 8 2
Manitoba 1 1
Saskatchewan 2 1
Alberta 12 0
British Columbia 6 0
Findings
Surgical Rates
Provincial elective surgical rates are sum­
marized in Table I. There are substantial 
interprovincial differences, although only 
for tonsillectomy and vein stripping in men 
and lens extraction in both sexes are the 
lowest provincial rates (Newfoundland) as 
low as or lower than the previously reported 
EW rates.1 For each elective or discre­
tionary procedure, the highest provincial 
rate was approximately twice the lowest. 
Newfoundland had the lowest or second 
lowest rates for 13 of the 16 discretionary 
procedures studied and Nova Scotia for 9. 
Alberta ranked highest or second highest for 
12 elective procedures, Ontario for 8, and 
British Columbia for 6 (Table II).
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Mastectomy in women was done 1.9 
times more frequently in the highest rank­
ing province (Saskatchewan) than in the 
lowest (Newfoundland), and partial mastec­
tomy 2.2 times more frequently. However, 
there was less variation between the prov­
inces in radical mastectomy rates; the high­
est rate was only 1.4 times the lowest (Table 
III).
Although appendectomy rates were al­
most the same in Canada and EW, the 
highest provincial rates (Alberta and Saskat­
chewan) were approximately 1.5 times the 
lowest (Quebec and British Columbia) (Ta­
ble IV). Provincial patterns for “other sur­
gical procedures” were variable, but with 
the exception of cesarean section, the dif­
ferences in rates in this category were of 
smaller magnitude than rates for elective 
surgery.
A few orthopedic procedures were exam­
ined and related to the number of orthope­
dic surgeons. Alberta and British Columbia 
led all provinces in hospital-treated fractures 
(both open and closed reduction) and semi­
lunar cartilage excision, and Newfoundland 
ranked lowest. There was a statistically 
significant correlation between provincial 
rankings of orthopedists per 100 000 popu­
lation and the provincial rates for the three 
orthopedic procedures studied (Table V).
Hospital Beds, Surgeons and Surgical
Rates
Canada had an average of 27.3 physicians 
doing surgery per 100 000 population on 
January 1, 1969, with a range from 13.2 
in Newfoundland and 19.4 in Saskatchewan 
to 31.6 in British Columbia. Alberta and 
Saskatchewan had the most hospital beds
TABLE I II—Breast Surgery in Women. Age-Standardized R ates per 100 000 Population.
Canada and P rovinces, 1968
ICDA
no. Procedure
Highest
Lowest Can. Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.
381 Mastectomy,
partial 2.2 115 77 106 119 100 117 91 171 128 140
382-383 Mastectomy,
radical 1.4 58 45 69 66 52 57 65 64 58 65
381-385 Mastectomy, all 1.9 181 124 181 186 160 181 181 238 203 218
TABLE IV —Appendectomy and “Other Surgical Procedures”. Age-Standardized R ates per 
100 000 P opulation. Canada and P rovinces, 1968
ICDA Highest
no. Procedure Lowest Can. Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.
450-451 Appendectomy 1.5 240 238
Men
251 245 222 246 235 274 310 213
Rank — — 6 3 5 8 4 7 2 1 9
081 Partial thyroi­
dectomy ___ 6 3 3 3 4 7 5 10 8 7
464-465 Colectomy, partial 
and complete — 20 13 23 17 16 20 25 17 17 28
352-354 Lobectomy, pneu­
monectomy _ 12 4 10 8 13 11 13 10 12 13
603-604 Nephrectomy — 11 12 15 9 11 11 10 10 t3 13
450-451 Appendectomy 1.7 214 199
Women 
191 188 170 238 207 281 285 181
Rank — — 5 6 7 9 3 4 2 1 8
780-784 Cesarean section 2.5 170 261 266 274 137 190 127 159 167 182
Rank — — 3 2 1 8 4 9 7 6 5
081 Partial thyroi­
dectomy 2.1 36 27 38 40 25 38 37 48 52 42
464-465 Colectomy, partial 
and complete — 25 17 28 18 23 24 31 21 26 32
352-354 Lobectomy, pneu­
monectomy _ 5 5 4 1 5 4 7 5 6 6
603-604 Nephrectomy — 13 20 18 12 12 12 13 8 13 14
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TABLE V.—F ractures (Open Reduction) and Other Orthopedic Procedures (Age-Standardized 
Rates P er 100 000 P opulation), and Orthopedic Surgeons.* Canada and Provinces, 1968
ICDA
no. Procedure
Highest
Lowest Can. Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.
821-822
824-825 Fractures, open
Men
827-828
835
reduction
Excision, semilunar
1.8 105 69 98 94 120 96 92 75 126 107
cartilage 3.2 81 34 38 74 75 93 57 43 100 109
845-846
821-822
824-825
Joint arthrodesis 
Fractures, open
15 11 7 
Women
6 22 13 15 7 15 16
827-828
835
reduction
Excision, semilunar
1.8 82 56 92 61 86 97 95 65 103 103
cartilage — 24 6 16 13 23 26 13 14 32 37
845-846 Joint arthrodesis 
Combined total,
— 13 8 6 5 15 11 20 8 17 16
men and women 2.1 320 184 257 253 341 336 292 212 393 388
Rank
Orthopedic sur­
geons per
9 6 7 3 4 5 8 1 2
100 000 — 2.3 1.0 1.3 1.4 2.6 2.0 3.2 1.8 3.1 2.3
Rank — — 9 8 7 3 5 1 6 2 4
Rank correlation coefficient (rd) = 
surgeons
0.75; P < 0.05, three orthopedic procedures and orthopedic
“■Certified orthopedists, orthopedic trainees, and family doctors indicating a preference for orthopedic surgery 
as of January 1,1969.
TABLE VI.—Surgeons* and Hospital Beds.) Canada and Provinces, 1968-1969
Can. Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.
Surgeons/100 000 27.3 13.2 27.6 21.0 27.8 27.8 29.8 19.4 28.0 31.6
Rank
General and allied 
special hospital
9 6 7 4.5 4.5 2 8 3 1
beds/I000 5.9 5.6 6.6 6.7 5.2 5.9 6.1 7.2 7.3 5.9
Rank — 8 4 3 9 6.5 5 2 1 6.5
Admissions /1000 159 147 160 179 135 153 182 212 207 173
Rank — 8 6 4 9 7 3 1 2 5
Bed days used/1000 1700 1541 1842 1993 1445 1753 1763 1973 1919 1827
Rank
Combined bed use
— 8 4 1 9 7 6 2 3 5
score — 24 14 8 27 20.5 14 5 6 16.5
Rank
Total elective and 
discretionary pro­
cedures (men and
8 4.5 3 9 7 4.5 1 2 6
women) 4574 2716 3667 4228 4305 4895 4284 4633 5274 5041
Rank — 9 8 7 5 3 6 4 1 2
Spearman rank correlation coefficients (rs). Surgeons and total elective surgical procedures rB =0.64; P <  0.5. 
Combined bed use and total-elective surgical procedures r„ = 0.25; P = NS.t Hospital beds and bed days 
usedr5 = 0.90;P <  0.01; hospital beds and admissions r, = 0.89;P < 0.01.
*Statistics on the Supply and Distribution of Active Physicians in Canada 1969-1972 (Bulletin 1), Canada, 
Department of National Health and Welfare, Medicosocial Statistics Office, October 1972, pp 30-60; 152- 
183. Includes surgeons, surgical trainees and family physicians who indicate a primary interest in surgery. 
■(Canada, Dominion Bureau of Statistics: Hospital Statistics, 1968, Vol. I  — Hospital Beds, Ottawa, Queen’s 
Printer, June 1970, pp 43, 46. Includes public, private, and federal general and allied special hospital beds. 
IN ot significant.
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and annual admissions per 1000 in 1968; 
Quebec and Newfoundland had the fewest 
beds and used the fewest bed days (Table 
VI).
When the rates for elective and dis­
cretionary procedures were combined and 
the provinces ranked, Alberta and British 
Columbia ranked highest and Newfound­
land and Nova Scotia lowest. Newfoundland 
also ranked low for beds, surgeons and or­
thopedists, while Alberta ranked high in all 
these categories. The combined elective and 
discretionary surgical rates were correlated 
with provincial ratios of surgeons (r* =  0.64, 
P < 0.05), but not with hospital bed ratios 
(rs =  0.25, P not significant).
Multiple linear regression analysis showed 
that surgeons and hospital admissions 
accounted for 84% of the variation in the 
combined elective surgery rates (F ratio 6.9 
[2, 6 df]; P < 0.05), but surgeons alone 
accounted for 67% of the variation (F 
ratio 5.6 [1, 7 df]; P <  0.05).
Provincial hospital bed ranks were com­
pared with rankings for annual admissions 
and for hospital days used, and in both in­
stances there was a strong correlation (P 
<  0 .01) .
Insurance Coverage
Approximately 82% of Canadians had 
some surgical insurance at the end of 1968 
(Table VII). In Saskatchewan and British 
Columbia, where universal insurance under 
the Medical Care Act had been adopted, 
virtually 100% of the population was in­
sured. In other provinces coverage ranged 
from 96.9% in Ontario to 62.3% in Que­
bec. Out-of-province payments for medical 
services did not exceed 3% of total medical 
care payments in any province. The com­
bined provincial elective and discretionary 
surgical rates were not correlated with in­
surance coverage (r., =  0.25; P not signifi­
cant) and insurance alone explained only 
30% of the variation in elective rates. How­
ever, it is acknowledged that these analyses, 
by rank and percentage covered, may not 
have been sensitive enough to detect effects 
of insurance on surgical use.
D iscussion
Relationships Between Beds, Surgeons
and Surgical Rates
Overall, these data suggest a close rela­
tionship between provincial ratios of sur­
geons and elective and discretionary sur­
gical rates. Hospital beds and insurance 
coverage proved less important. However, 
bed use was strongly correlated with bed 
availability. Newfoundland, which ranked 
lowest for surgeons and second lowest for 
beds, had the lowest rates for most elective 
procedures. Alberta, which ranked highest 
for most elective procedures, for hospital- 
treated fractures and for appendectomies, 
also ranked high for beds and surgeons. 
Thus, the relationship between surgeons and 
beds and elective surgical rates was best 
shown at the extremes—Newfoundland and 
Alberta.
TABLE VII.—Insurance Coverage for Physician Services, December 31,1968* and E xtent of Out- 
of-Province P ayment for P hysician Services (Various Years)]
Province
Percentage oj population  
insured fo r  
physician  services R ank
Percentage oj 
out-of-province 
paym ent fo r  
physic ian  services
Newfoundland..................... 92.6 4 1.6 (April 1970-March 1971)
Nova Scotia........................ 63.3 8 1 (April 1970-March 1971)
New Brunswick.................. 75.1 7 3 (1971)
Quebec................................. 62.3 9 1.4 (1972-1973)
Ontario................................. 96.9 3 <1 (1970 and 1971)
Manitoba............................. 80.5 6 1.2 (1971)
Saskatchewan...................... 100.0 1 2.1 (1968)
Alberta................................. 86.9 5 <1 (July 1969-June 19701
British Columbia................ 98.5 2 <1 (1971)
Canada................................ 83.6
*Survey of Voluntary Health Insurance in Canada. Table III — Extent of Surgical and/or Medical In ­
surance in Canada as oi December 31,1968.
(Communications from provinces and annual reports of hospital and medical care commissions.
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Medical Insurance
By the end of 1968 only Saskatchewan 
(since 1963) and British Columbia (since 
mid-1968) had universal medical insurance, 
although all provinces had universal hospital 
insurance. The Medical Care Act of Can­
ada was adopted in 1966/67, but most 
provincial acts did not follow until 1969 to 
1971.12 Although Saskatchewan had the 
second fewest surgeons per 100 000 popula­
tion, it had 17% more beds and 7% more 
bed use than the national average, and 100% 
insurance coverage. Surgical rates in Saskat­
chewan occupied an intermediate and in­
consistent position, below average for highly 
specialized procedures and above average 
for elective and discretionary procedures. 
Although Saskatchewan had fewer surgeons, 
5 years of universal medical insurance 
and more beds may explain why the elective 
surgical rates were high in this province. 
Beck13 showed that, for all income classes, 
the proportion of non-users of surgery in 
Saskatchewan decreased between 1963 and 
1968. Earlier, Anderson and Feldman14 
reported operation rates for insured persons 
in the United States that were double those 
for the uninsured.
Planning Implications
The implications for planners seem appa­
rent. If hospital beds are available, they will 
be used. If there are more doctors doing 
surgery, more elective and discretionary 
surgery will be done. If manpower planning 
is based on present surgical rates,1-4 too 
many Canadian surgeons may be trained. 
To determine whether the rates in New­
foundland or Alberta are correct, or whether 
the need-related rates fall between, above or 
below, provincial surgical work-loads,16 in­
dications for surgery, treatment styles, and 
patient outcomes using different treatment 
methods should be investigated.
Randomized, controlled, clinical trials 
have been proposed to measure patient out­
comes when surgical and non-surgical treat­
ments are employed to treat conditions such 
as varicose veins or enlarged tonsils. If, as in 
the case of varicose veins,17 the outcome 
proves to be the same when certain condi­
tions are treated either surgically or non- 
surgically, indications for elective surgery
may require reappraisal. Changes in indica­
tions for surgery and treatment styles might 
result in fewer elective operations and a 
reduced need for surgeons and hospital beds.
We are indebted to Dr. G. B. Hill and Ms. Lil­
lian Boucher of Statistics Canada for supplying 
provincial data by age and sex for the individual 
surgical procedures considered, to Mr. Orwar 
Grinndal for carrying out the age and sex ad­
justment of the rates, and to the provinces for 
supplying information regarding insurance cover­
age and out-of-province use of medical services.
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added tapioca starch.
• Fat consists of medium chain tri­
glycerides (MCT) and soy oil.
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assimilable form of amino acids 
and low molecular weight peptides.
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water according to directions, FLEXI­
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with a caloric distribution of 8.8% from 
protein, 24.6% from fat, 5.5% from MCT 
and 61.1% from carbohydrate. 
Indications
FLEXICAL may be used for the nutri­
tional management of medical or sur­
gical patients who have a functional 
gastrointestinal tract and who need a 
low residue diet. FLEXICAL may also 
serve as an alternative to clear fluids 
which, although low residue, are fre­
quently not nutritionally complete. 
FLEXICAL is also useful as an adjunct 
to, or as a transitional phase in the 
replacement of parenteral feeding. 
Administration
FLEXICAL may be administered orally, 
by naso-gastric tube or by enterostomy. 
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slowly. Tube feedings should be ad­
ministered by slow, continuous drip or 
by a food pump if additional calories 
or nutrients are required. In the acutely 
ill patient, initial feedings should be 
diluted to V2 strength day one, % 
strength day two, and full strength day 
three, dependent on the patient's toler­
ance. Intolerance is characterized by 
diarrhea, gastric dumping.or nausea, 
and may be adjusted by the dilution 
and rate of feeding.
Nutrient Values
Each 454 gm. of powder (1 can) when 
reconstituted with 1656 ml. water (58 
fl. oz.) will supply about 2 litres at i  
kcal./ml. (30 kcal. per fl. oz.)
Precaution
Always supply enough additional water 
to provide adequate urinary output. 
Normal Dilution
454 gm. (1 lb.) of FLEXICAL Powder to 
1656 ml. (58 fl. oz.) of water. This dilu­
tion supplies 2000 ml. and 2000 kcal.
(1 kcal./ml.)
Flavouring
FLEXICAL is available in the following 
flavours:
Orange, Vanilla, Fruit, Banana 
Packaging
FLEXICAL Powder is packed in 1 lb.
(454 grams) cans.
*T.M. Mead Johnson Canada 
Division of Bristol-Myers Canada LimifecL 
Toronto, Canada.
Authorized User.
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GLIMPSES OF SURGICAL 
HISTORY, FROM A TO Z: 
A FOR ANESTHESIA
D. A. E. SHEPHARD
Surgery has often developed through advances 
in fields outside surgery. These developments 
run the alphabetic gamut, and in this series I 
will take a personal look at the history of 
surgery from A to Z.
Certainly one cannot visualize modern 
surgery without ANESTHESIA. Osier said that 
"The story of surgical anaesthesia illustrates 
how long it takes an idea to become effective.” 
Man must have always sought anodynes, yet it 
was not until October 16, 1846—less than 150 
years ago—that a reliable anesthetic was 
finally introduced to surgeons. Morton rightly 
deserves the credit for “discovering” and “in­
troducing” ether as a surgical anesthetic, but 
he was the last in a long line of many who 
had wanted to make surgery painless. The 
Babylonians, the Assyrians and the Egyptians 
had used local and regional methods as well 
as general methods, and of course Genesis 
2:21 contains the famous sentence, “And the 
Lord God caused a deep sleep to fall upon 
Adam, and he slept.” But centuries had to 
pass . . .
The history of anesthesia too is characterized 
by stories of those who so narrowly missed 
finding the grail of a reliable and reproducible 
anodyne. Paracelsus, for example, noted that 
ether “has associated with it such a sweetness 
that it is taken even by chickens, and they fall 
asleep from it for a while but awaken later 
without harm . . And Humphrey Davy, 
experimenting with nitrous oxide, and Henry 
Hill Hickman with carbon dioxide, similarly 
just missed claiming the prize. So the long 
story of anesthesia is a play with a cast of 
hundreds.
The very name “anesthesia” is older than 
most believe. According to Fulton, Dioscorides’ 
first-century reference to the use of the Mem- 
phitic stone can be translated as the use to 
“induce a safe local anesthesia”. In the English 
language, William Bullein (1562) appears to 
have been the first to mention an anesthetic 
agent, though he was really updating Diosco­
rides (mandragora “casteth men into a trans 
or a depe tirrible dreme until he be cutte of 
the stone”). And Johann Quistorp (1718) re­
ferred to seven different usages of the word 
“anesthesia”. The first of these related to 
“denagalio sensations per totum corporis”; in­
dividual organs, respiration and pulse were 
unaffected. It is, then, characteristic of the 
history of anesthesia that even its name was 
actually introduced long before Oliver Wen­
dell Holmes apparently “coined” it soon after 
Morton had shown surgeons how anesthesia 
might change their practice—and the lives of 
their patients.
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EVALUATION OF POLYGLYCOLIC ACID SUTURES 
IN COLON ANASTOMOSES*
E. R. LETWIN, MD, FACS, FRCS[C]
Summary: An experimental study was carried 
out in dogs to compare the healing characteris­
tics of colon anastomoses constructed with silk 
and catgut, with those in which Dexon sutures 
of the same gauge were used.
Anastomoses constructed with Dexon sutures 
showed minimal suture reaction on the serosal 
surfaces, and excellent healing strength as de­
termined by bursting-pressure studies. Inspec­
tion of the mucosal surfaces in these anastom­
oses revealed flawless, smooth, healing suture 
lines. The flexibility of tissues at the anasto­
motic line was found to be good, and friability 
of tissue minimal.
Resume: Nous avons procede a une etude expe- 
rimentale chez le chien, en vue de comparer les 
proprietes de cicatrisation des anastomoses du 
colon faites a I'aide de soie et catgut a celles 
pratiquees avec des fils de Dexon de meme 
calibre.
Les anastomoses effectuees avec des sutures 
de Dexon entrainaient une reaction minimale sur 
la surface des sereuses et ont abouti a une 
resistance de cicatrisation excellente, d'apres les 
manoeuvres utilisant des tentatives de rupture 
et de pression. L'inspection de la surface des 
muqueuses au niveau de ces anastomoses 
a revele des lignes de sutures cicatrisees, douces 
et impeccables. Au niveau de la ligne anastomo- 
tique, la flexibilite des tissus etait excellente et 
la friabilite des tissus etait minimale.
Th e  incidence of leakage from colonic anas­
tomoses is still a matter of concern1- 2 and, 
therefore, further evaluation is required of 
the various factors influencing the healing 
process after this operation. In a study con­
ducted on dogs we compared polyglycolic 
acid (Dexon f) sutures with conventional 
suture materials (silk, chromic catgut) with 
respect to their effect on the healing of co­
lon anastomoses. Polyglycolic acid is a new,
*From the Department of Surgery, Royal Colum­
bian Hospital, New Westminster, B.C., and the 
Department of Surgery, University of British Co­
lumbia, Vancouver, B.C.
Supported by a grant from Davis & Geek, 
Cyanamid of Canada Limited, Montreal, Que.
Reprint requests to: Dr. E. R. Letwin, Suite 801, 
625 Fifth Avenue, New Westminster, B.C.
tDavis & Geek, Division of American Cyanamid 
Company, Pearl River, N.Y., U.S.A.
synthetic material that absorbs by hydro­
lysis, s‘!l whereas chromic catgut absorbs by 
inflammatory reaction.
M ethod
Adult mongrel dogs, weighing 15 to 20 
kg, were used. Solid food was withheld for 
24 hours before operation. Two colon anas­
tomoses were constructed, 8 inches apart, 
in each of 14 dogs. The first anastomosis 
was placed approximately 4 inches distal to 
the ileocecal valve, with 4-0 chromic 
catgut in a continuous spiral stitch in­
serted circumferentially through all intes­
tinal layers. An outer layer of interrupted 
seromuscular sutures of 4-0 silk was then 
inserted, inverting the catgut suture line. In 
the second anastomosis the same technique 
was followed but 4-0 Dexon was used in­
stead of the chromic catgut and silk sutures. 
The sites of the two different types of anas­
tomoses were reversed in alternate dogs. 
The animals were sacrificed 1 week post- 
operatively, and the healing process at the 
anastomosis was evaluated by comparing 
the gross appearance, bursting strength, de­
gree of stenosis, and miscellaneous charac­
teristics of the two groups. Bursting pres­
sure was measured with a manometric 
technique.
R esults
Gross Appearance
Two of the anastomoses constructed with 
silk and chromic catgut sutures showed 
gross leakage with resultant abscess forma­
tion. No leakages were evident in healing 
anastomoses constructed with Dexon su­
tures. The external suture reaction, as shown 
by numerous omental adhesions in most in­
stances, was found to be severe in 50% of 
the anastomoses when silk and chromic cat­
gut sutures were used. These anastomoses 
showed a thick layer of exudate on the 
serosal surface, limited flexibility at the 
suture line, and increased friability of tis­
sues at the line of junction. In contrast,
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anastomoses constructed with Dexon were 
remarkably free of severe external suture 
reactions; only four showed moderate exu­
date deposits and friability of tissues. When 
the numbers of external reactions were anal­
yzed statistically (Table I), they were signi­
ficantly higher with the silk-chromic sutures 
than with the Dexon sutures ( / 2 =  8.1, P < 
0.01) .
Bursting Strength
Eight anastomoses of the silk-chromic 
group showed bursting pressures of less 
than 150 mm Hg, as determined manome- 
trically with all sutures in situ. Included in 
this group were two leaking anastomoses 
which were not amenable to bursting-pres­
sure studies.
In 12 of 14 anastomoses in the Dexon 
group healing strength was excellent, as 
shown by a bursting pressure greater than 
150 mm Hg. When the results were sub­
jected to statistical analysis the healing 
strength was significantly increased when 
Dexon sutures were used (Student t =  3.7, 
P <  0.01) (Table II).
Lumen Size
The lumen size at the anastomosis was 
found to be adequate and similar in both 
the silk-chromic and Dexon groups. How­
ever, careful inspection of the internal mu­
cosal surfaces revealed differences in heal-
T A B L E I.—E xternal Suture R eactions
Silk-chromic
suture
Dexon
suture
No. of leakages............... 2 0
No. of severe reactions. 
No. of moderate
7 0
reactions......................
No. of minimal
2 4
reactions...................... 3 10
TABLE II.—Comparison of Bursting Strength
Silk-chromic Dexon
suture suture
Failed at 0-150 mm Hg 
Failed at 150-200
8 2
mm H g ............................ 6 12
Mean mm H g................. 137.1 216.4
S I ) ..................................... 90.6 45.4
ing quality between the two groups. In the 
majority of silk-chromic anastomoses small 
pockets of mucosal weakness and intramu­
ral necrosis were noted. The anastomotic 
strength at these sites was entirely dependent 
upon the outer seromuscular suture and the 
healing generated in the outer layers of the 
bowel. In the majority of Dexon anastomo­
ses the internal mucosal surface appeared 
as a smooth, solid, healing ridge without 
any localized areas of mucosal and intra­
mural necrosis. In this particular, the Dexon 
suture was superior to silk-chromic suture in 
11 dogs and equal in the remaining 3; the 
difference was statistically significant (x2 =  
10.0, P =  0.002).
Sutures of both types were carefully re­
moved from 50% of the anastomoses after 
bursting-pressure studies were complete. The 
Dexon sutures, after being in situ for 1 week, 
appeared to possess a tensile strength similar 
to unused Dexon sutures of the same size. 
Chromic catgut sutures after use showed a 
greater tendency to fray, weaken, and frag­
ment. The difference between used and un­
used sutures was quite obvious on gross in­
spection. Tensile - strength measurements 
were not carried out.
D iscussion
Very favourable healing results were ob­
served in colonic anastomoses using Dexon 
sutures. The practical and theoretical advan­
tages of this suture material in bowel anas­
tomoses include (1) its inertness, account­
ing for a foreign-body reaction of minimal 
degree; (2) its high tensile strength after 1 
week of healing, suggesting that bowel con­
tent has little effect on the integrity of the 
suture during the first week; (3) its possible 
possession of properties that prevent micro­
leakage of intestinal organisms from suture 
lines.
Other characteristics of the Dexon suture 
noted in this study include (1) its handling 
quality that is different from that of chromic 
catgut and its tendency to stiffen when 
coated with blood and tissue fluids; (2) the 
necessity of placing the knots properly to 
ensure that they are secure; (3) its lack of 
colour, making its placement in tissue more 
difficult when a fine gauge is used because 
it cannot easily be seen. To overcome this
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disadvantage, green Dexon sutures are now 
available and this should improve their visi­
bility in the operative field.
There is some evidence, from previous 
studies by Canalis and Ravitch10 and as- 
yet-unpublished observations from our lab­
oratory, that microleakage of bacteria occurs 
from a large percentage of healing intestinal 
anastomoses. Unless adequately controlled 
by intraperitoneal defence mechanisms, this 
microleakage can give rise to localized ab­
scess formation and, as tissue necrosis de­
velops, to gross leakage. It is possible, judg­
ing from observations in these recent stu­
dies, that Dexon, being a more inert suture, 
possesses physical properties that tend to 
decrease the amount of microleakage of in­
testinal organisms from healing anastomoses. 
Further experimental investigation of these 
properties of Dexon is required.
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EXPERIMENTAL LEFT GASTRIC VEIN DIVERSION*
W. G. WADDELL, MD, M. BOSC-DAV1E, RN, A. G. BOUCHARD, MD, 
J. L. WELLINGTON, MD and J. B. EWING, MD
Summary: Six years' laboratory work resulted 
in devising a satisfactory experimental tech­
nique of direct left gastric-left renal diversion 
for esophagogastric venous decompression. 
The procedure was accomplished by interposing 
an autogenous vein graft between the distal 
transected left gastric and left renal veins, em­
ploying mechanical stapling for the venous 
anastomoses. A refined technique of left gastric 
caval diversion provided uniform late patency in 
a suitable animal model.
Resume: Une experience de 6 annees de travail 
de laboratoire a permis de mettre au point une 
technique experimental satisfaisante pour prati- 
quer une diversion directe de la veine gastrique 
gauche vers la veine renale gauche, pour realiser
*From the Department of Surgery, Faculty of 
Medicine, University of Ottawa, Ottawa, Ont.
Supported by the Medical Research Council of 
Canada and the Ontario Heart Foundation.
Reprint requests to: Dr. W. G. Waddell, Depart­
ment of Surgery, Ottawa General Hospital, 43 
Bruyere Street, Ottawa, Ont. KIN 5C7.
une decompression veineuse oesophago-gas- 
trique. Cette methode comportait I'interposition 
d'une greffe veineuse autogene entre la 
veine gastrique gauche distale transsectionnee 
et la veine renale gauche. Les anastomoses 
veineuses ont ete maintenues par simple agrafage 
mecanique. Une technique amelioree de diversion 
de la veine gastrique gauche et la veine cave 
a permis d'obtenir une permeabilite uniforme de 
longue duree, chez un animal convenable.
We first undertook direct left gastric vein di­
version in the laboratory in November 1967, 
shortly after the publication of Warren’s first 
article on selective esophagogastric venous 
decompression1 and almost 9 months 
before Inokuchi’s first report in the English 
literature of left gastric-caval diversion.2 
The subsequent papers from these authors3' 8 
have been encouraging in that few patients 
treated by the selective drainage procedures 
have bled postoperatively, and the incidence 
of post-shunt encephalopathy has been very 
low.
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In reviewing the development of the se­
lective procedure for esophagogastric va- 
riceal decompression, we note that Linton 
performed direct left gastric vein diversion 
in two patients in 1955 and 1957.9 Noting 
that the patients had done well after oper­
ation, he suggested that this type of shunt 
was worthwhile in that it drained the portal 
system “in close proximity to the esophageal 
varices” and “perhaps should be attempted 
more frequently”. The technique is beauti­
fully illustrated in his recently published 
atlas.10
However, our concern about the un­
satisfactory late results in dogs precluded 
clinical trial, and during the last 6 years 
we have tested in various experiments a 
number of technical modifications. These 
led to the gradual development of a slightly 
different operative approach, which eventu­
ally achieved long-term patency in a critical 
animal model. In this communication we 
outline the surgical procedures used and 
summarize the results. In addition, we 
consider the factors contributing to long­
term patency and present the conclusions 
permitted by experimental work.
M ethods
Operative Procedures
All operative and radiographic procedures 
were performed with the dogs under light 
pentobarbital anesthesia (30 to 35 mg/kg), 
and standard aseptic precautions were util­
ized when survival was anticipated. The ab­
domen was opened by a long right parame­
dian or midline incision and the lesser sac 
entered by division of the greater omentum 
for access to the left gastric vein. After com­
pletion of the vascular anastomoses and, in 
most experiments, pressure studies, the 
wounds were closed with continuous chromic 
catgut sutures in the peritoneum, interrupted 
chromic sutures in the anterior sheath or 
linea alba, and non-absorbable sutures in 
the skin.
Left Gastric-Caval Diversion
The suprarenal inferior vena cava was 
dissected out and partially occluded by a 
vascular clamp. A caval aperture was created 
by a simple incision or by excision of a
small ellipse or caval wall, giving a defect 
5.0 to 6.0 mm in length and 1.0 to 2.0 mm 
in width. The vascular graft was sutured 
end-to-side to the inferior vena cava with 
interrupted 5-0 or 6-0 silk sutures. The free 
end of the vascular graft was passed through 
the epiploic foramen to the lesser sac. The 
left gastric vein was divided between a prox­
imal vascular clamp and a ligature at the 
gastrosplenic junction, and the diversion 
was completed by stapling the graft to the 
transected distal left gastric vein employing 
an appropriate sized bushing, 3.0 to 4.5 mm 
in diameter, and the Vogelfanger-NRC vas­
cular suturing instrument. The clamps on 
the vessels were released and flow through 
the graft was checked by manual compres­
sion. The technique is illustrated in Fig. 1.
Postoperative Evaluation
Careful pressure studies were performed 
by water manometry in all but the earliest 
experiments, and repeated before sacrifice.
Initially, venograms were obtained at asep­
tic laparotomy during the second week after 
operation. Subsequently, venography was de­
ferred until the experiment was terminated. 
One of two techniques was used after laparo­
tomy and suitable exposure. A tributary on
Fig. 1.—Left gastric-caval diversion. A vascular 
graft was sutured end-to-side to the suprarenal 
vena cava and stapled end-to-end to the distal 
transected left gastric vein.
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the lesser curvature of the stomach was can- 
nulated and a catheter passed down to the 
proximal left gastric vein for the injection of 
10 to 15 ml of sodium diazotrexate. Alterna­
tively, the inferior vena cava was cannulated 
through a stab wound controlled by a purse­
string suture, and the catheter was passed 
retrogradely through the left renal and/or 
vascular graft to the distal left gastric vein. 
Anteroposterior abdominal films were ob­
tained after the injection of 8 to 10 ml of 
contrast material.
After sacrifice the left gastric shunt was 
dissected out and excised with segments of 
the distal left gastric vein and inferior caval 
wall. The route of diversion was opened 
longitudinally for gross examination and the 
specimen preserved for histological exam­
ination.
Technical Modifications and
Early Experimental Models
Autogenous arteries (external iliac) and 
veins (jugular and femoral) were tested as 
the vascular grafts with different techniques. 
The type of suture material and method of 
caval anastomosis were changed. The cavo- 
tomy was performed with more precise in­
struments and enlarged in stages. Mechanic­
al distension of the route of diversion by 
Fogarty balloon catheters was utilized tem­
porarily.
A modification of the technique of 
Tamiya and Thai11 for the operative in­
duction of portal hypertension was attempted 
with the creation of a splenic arteriovenous 
fistula and the application of a partially 
occlusive ligature to the subhepatic portal 
vein, with subsequent or concurrent left 
gastric-caval diversion. Subsequently, the 
right gastroepiploic vein was ligated after 
direct left gastric vein diversion.
The final technique, after various altera­
tions, modifications, deletions, and repeti­
tions, differed from the original technique 
in only two respects. The cavotomy was per­
formed with a specially designed 9.0-mm 
NRC circular punch to create an elliptical 
defect 10 or 11 mm long and 7 or 8 mm 
wide. The graft was sutured end-to-side to 
the caval wall with a continuous over-and- 
over suture of inert material (5-0 Tevdec) 
under minimal tension.
Left Gastric-Left Renal Diversion
After the usual exposure, the left renal 
vein was dissected out from the inferior vena 
cava to the ovarian or testicular vein and 
controlled between a partially occlusive 
clamp on the inferior vena cava and a liga­
ture just proximal or just distal to the gona­
dal tributary. The renal vein was transected 
between clamp and ligature, giving a 1.0- 
to 1.5-cm segment for anastomosis. A long 
segment of autogenous femoral vein was 
stapled to the distal transected left renal 
vein employing a bushing size suitable for 
the diameter of the vein graft. A retropan- 
creatic tunnel was created by blunt digital 
dissection behind the pancreas and just to 
the left of the mesenteric vessels. The graft 
was drawn into the lesser sac, turning the 
left renal vein somewhat anteriorly and 
somewhat cephalad to its original position.
After control and division of the left gas­
tric vein close to the gastrosplenic junction, 
the graft was stapled end-to-end to the 
transected distal left gastric vein with a 
bushing equivalent in diameter to the left 
gastric vein. Postoperative mechanical dis­
tension of the graft and both anastomoses 
was effected with a balloon catheter intro­
duced through a stab wound in the inferior
Fig. 2.—Left gastric-left renal diversion. A  vas­
cular graft was placed between the distal tran­
sected left gastric and left renal veins using two 
stapled anastomoses.
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vena cava. The method is represented dia- 
grammatically in Fig. 2.
The final technique used in the most re­
cent series of normal dogs, and in all subse­
quent experimental models, employed two 
features of the original method of left gas- 
tric-caval diversion. After completion of the 
renal anastomosis, the graft was placed along 
the inferior vena cava, turning the left renal 
vein cephalad through approximately 90°. 
The graft was passed through the epiploic 
foramen and stapled to the distal left gas­
tric vein within the lesser sac. Mechanical 
distension of the graft was not utilized.
R e su lts
The overall results of 84 experiments 
performed over 6 years are summarized in 
Table I, noting only early and late patency 
as demonstrated by venography and/or 
postmortem examination. Prior to 1971, 
“early” was less than 2 months and “late” 
4 to 6 months. Thereafter, early was less 
than 3 months, and late patency was de­
fined as patency at 6 months.
Detailed analysis of the individual results 
after the introduction of each technical 
variation in 10 series of experiments is un­
rewarding and unnecessary. Technical profi­
ciency afforded short-term patency relative­
ly early in these studies. The late results 
proved unsatisfactory until recently, and 
were due to caval stenosis with or without 
graft occlusion.
The pressure studies were helpful during 
the purely technical investigation, indicat-
TABLE I.—Overall Patency
Number Early Late
Left gastric-caval 
diversion:
1967 - 1968
1969 - 1970
1970 - 1971 
1972 - 1973*
Left gastric-left renal 
diversion:
Original technique
(1971)
Simplified technique
(1972)
Current experiments
(1973)
10 0/4 3/6
20 10/11 4/9
13 4/4 1/9
5 — 5/5
9 3/6 0/3
9 — 8/9
17 8/8 8/9
*The most recent technique gave satisfactory pa­
tency at 6 months with a more appropriate animal 
model favouring diversionary flow.
ing proximity to the experimental objective 
and suggesting complementary research 
projects. The results are not included since 
they are of limited interest. Satisfactory re­
duction of proximal left gastric pressure was 
achieved by the final technique of left gas­
tric-caval diversion, and both techniques of 
left gastric-left renal diversion. However, 
this reduction in pressure was maintained 
only when the shunts remained patent. 
Moreover, the histopathological studies did 
not add anything to gross postmortem exam­
ination.
D iscussion
The development of surgical technique in 
the animal is legitimate but may prove te­
dious and its evaluation may be slow, partic­
ularly when the early results are satisfactory 
and late problems appear 2 or 3 months after 
operation. Final appraisal of a single tech­
nical modification may require 6 to 12 
months to complete in a single experimental 
series. In retrospect, the significant factors 
in obtaining satisfactory late results were 
precise technique and experimental situations 
favouring flow through the route of diver­
sion.
Fig. 3.—Left gastric venogram. This study was 
performed 6 months after left gastric-left renal 
diversion in a normal dog. The contrast media has 
been outlined for better reproduction. The calibre 
of the femoral vein graft is approximately equal 
to that of the distal left gastric vein. The arrows 
indicate the metallic staples used for anastomosis.
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Technical Factors
The importance of adequate length and 
calibre of the vascular graft in the left gas­
tric vein diversion was apparent early in 
these studies, as were avoidance of tension, 
angulation and axial rotation of the vascu­
lar conduit. The calibre of the graft should 
be equal to, or slightly larger than, that of 
the distal left gastric vein. Late venograms 
have shown that it becomes approximately 
the same size as this vessel (Fig. 3).
There is little to choose between autogen­
ous vein and artery in bridging the anatomic 
gap between the distal left gastric vein and 
the inferior vena cava or distal left renal 
vein, but some type of interposition is re­
quired. The temporary preference for arte­
rial grafts developed in part because arteries 
were somewhat more easily managed by 
conventional suture techniques, and in part 
because the arterial grafts tended to remain 
patent despite caval stenosis, while veins in­
variably became occluded.
The technique of caval anastomosis and 
type of suture material are probably not 
significant. Mechanical balloon distension of 
the distal left gastric vein, vascular anasto­
moses and graft was abandoned because of 
suspected injury to the fragile left gastric 
vein in a few experiments.
Previous laboratory experience12- 13 with 
mechanical stapling for venous anastomoses 
had been favourable as it has with other 
Canadian authors.14 13 It was an obvious 
solution to the problem of the left gastric 
anastomosis. Use of microsurgical tech­
niques well posteriorly within the lesser sac 
and applied to a thin-walled vessel would be 
difficult.
Less apparent is the reason for 4 years’ 
delay in utilizing the left renal vein as advo­
cated by Erlik, Barzilai and Shramek,10 and 
two stapled vascular anastomoses. The vas­
cular suturing instrument with pre-loaded 
disposable bushings* permits precise venous 
anastomoses to be readily accomplished any­
where within the abdomen. Left gastric-left 
renal diversion was suggested in a paper on 
the use of the left renal vein for portal sys­
temic shunts.17 Some difficulties were en­
countered with the initial series, but satisfac­
tory patency rates at 6 months were achieved 
both in normal dogs and in current studies 
with more appropriate experimental models.
Flow Factors
The reason for the development of late 
caval stenosis in the dog is not clear. It 
seems to be related to the small volume and 
presumably low velocity flow through the 
left gastric conduit in relation to the large 
volume, high velocity flow in the inferior 
vena cava. The effect of ligation of the left 
renal vein in modifying caval flow has not 
been assessed.
Sporadic late patency and concurrent 
studies of the compartmental structure of 
the proximal portal bed18- ]!( sustained in­
terest in a theoretically attractive procedure. 
Occasional success was gratefully accepted 
rather than questioned. In retrospect, late 
patency was observed when occlusion of the 
splenic vein or ligature of the right gastro­
epiploic vein produced some diversion to 
the left gastric system.
Conclusions
A high degree of patency of direct gastric 
vein diversions has been achieved in normal 
dogs and in current animal models favour­
ing diversionary flow.
The normal dog is considered a critical 
test of the procedure, and stapled venous 
anastomoses are considered important in 
providing long-term patency in this situation.
Careful clinical trial of the technique 
seems justified.
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EFFECT OF INTRACRANIAL PRESSURE ON CAVERNOUS 
SINUS FLOW: A CADAVER MODEL*
P. J. MULLER, MD and J. H. N. DECK, MD
Summary: Through an artificially created carotid- 
cavernous fistula, the cavernous sinus of four 
suitable cadavers was perfused at a constant 
input pressure of 50 cm H20  at various levels 
of intracranial pressure. The flow rate fell 25% 
at an intracranial pressure of 50 mm Hg but 
could not be totally arrested even at the ex­
tremes of intracranial hypertension. The authors 
conclude that the cavernous sinus in man is not 
collapsible.
Resume: Nous avons cree une fistule artificielle 
entre la carotide et le sinus caverneux et avons 
perfuse le sinus caverneux de quatre cadavres 
a une pression d'entree constante de 50 cm de 
H20, aux differents niveaux de la pression intra­
cranienne. Le taux de la circulation tomba de 
25% a la pression intracranienne de 50 mm de 
Hg, mais ne put etre completement arretee, 
meme aux valeurs extremes de I'hypertension 
intracranienne. Les auteurs en concluent que le 
sinus caverneux de I'homme ne peut etre collabe.
*From the Department of Pathology, Toronto 
Western Hospital, University of Toronto, To­
ronto, Ont.
Reprint requests to: Dr. J. H. N. Deck, Depart­
ment of Pathology, Toronto Western Hospital, 
399 Bathurst Street, Toronto, Ont. M5T 2S8.
Com pression  of the cavernous sinus with 
consequent stasis of the orbital venous 
drainage was postulated by Ballantyne1 to 
be the cause of some of the ocular manifesta­
tions of intracranial hypertension. Elevation 
of ophthalmic vein pressure in experimental 
intracranial hypertension in the rhesus mon­
key has been considered to reflect “the ex­
ternal pressure exerted on the outer wall of 
the cavernous sinus”.2 In an attempt to de­
termine the effect of increased intracranial 
pressure (ICP) on cavernous sinus flow we 
have developed a simple cadaver model for 
cavernous sinus perfusion at various levels 
of ICP.
M ethod
In suitable cadavers, the internal carotid 
artery in the neck was isolated and can- 
nulated. The cannula was attached to a per­
fusion apparatus consisting of a calibrated 
flow bottle and reservoir; the reservoir was 
kept at a height of 50 cm above the caver­
nous sinus (Fig. 1).
Through a frontotemporal craniotomy, the 
supraclinoid portion of the internal carotid 
artery was transected proximal to its bifur­
cation. The rate of flow through the internal 
carotid (whole carotid flow) was then de-
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termined. This represents the rate of flow 
through the extracerebral internal carotid 
artery at a perfusion pressure of 50 cm H 20 . 
The average whole carotid flow was 200 m l/ 
min. The supraclinoid segment of the inter­
nal carotid was then clamped and perfusion 
restarted in order to determine the meningo- 
hypophyseal and ophthalmic artery flow 
rates. Without exception these were neglig­
ible (4 ml/min). The supraclinoid portion of 
the internal carotid artery was then reopened 
and a carotid cavernous fistula created by 
the insertion of a double curved autopsy 
needle through the lumen of the internal 
carotid perforating its intracavernous por­
tion. The fistula was widened with a right- 
angled probe; care was taken to maximize 
the rent in the carotid artery and to open as 
many intracavernous channels as possible 
without disrupting the dural sinus walls. 
The supraclinoid portion of the internal ca­
rotid artery was then closed again and the 
cervical internal carotid perfused with the 
perfusion reservoir 50 cm above the cavern­
ous sinus. Thus, virtually all of the saline 
perfusate was diverted through the previous­
ly established carotid-cavernous fistula. 
Flow through the fistula was compared with 
the “whole carotid flow” and if the rate of 
the former was less than 50% of the “whole 
carotid flow” the perfusion study was ter­
minated because of the likelihood of an in­
adequate fistula. After an adequate fistula
Fig. 1.—Diagram illustrating the cavernous si­
nus perfusion system, the paracavernous pressure 
(POP) balloon and the subdural (pressure gener­
ating) balloon.
was established, the dura over the convexity 
was reapproximated and the bone flap wired 
back in place.
The flow rates through the caverous sinus 
were then measured at various levels of ICP. 
The pressure was produced by an ipsilateral 
subdural balloon over the cerebral convexity, 
and the paracavernous pressure (PCP) was 
measured by a balloon in the temporal fossa. 
A straight-line relationship existed between 
the subdural pressure generated and the PCP 
recorded (Fig. 2). Intracranial pressure acts 
directly on the supraclinoid portion of the 
internal carotid but not on its more proximal 
segments and, therefore, changes in flow 
rate through the carotid-cavernous fistula at 
various levels of ICP will reflect the effect 
of ICP on the cavernous sinus.
R e s u l t s
The results were based on the perfusion 
studies in four cadavers. The fistula flow as 
a percentage of the whole carotid flow was 
51% , 53%, 66% and 87% for each. The 
mural defects created in the intracavernous 
portion of the internal carotid artery were 
demonstrated by dissection after completion 
of the perfusion study.
Fig. 3 shows both the average and the 
extremes of the fistula-perfused cavernous 
sinus flow calculated as a percentage of the 
control flow rate (at PCP =  0) and plotted 
against the paracavernous pressures.
There was an initial fall in flow rate of 
25% at a PCP of 50 mm Hg; however, even 
at the extremes of ICP (PCP at 250 mm Fig)
SDP (mmHg)
Fig. 2.—Graph showing the linear relationship 
between the paracavernous pressure (PCP) and 
subdural (SDP).
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the cavernous sinus flow rate was maintained 
at 50% of control levels. Levels of ICP 
well beyond the pathologic range did not oc­
clude the cavernous sinus.
Discussion
With intracranial hypertension there may 
be a rise in sagittal sinus pressure. Kinal3 
found a reduction in venous sinus outflow 
and the development of alternative outflow 
channels in cases of intracranial hyperten­
sion. Shulman, Yamell and Ransohoff4 
found an elevation of sagittal sinus pressure 
in hydrocephalic dogs and postulated a par­
tial collapse of the sinus to explain the pres­
sure elevation. Collapse of the sagittal sinus 
in monkeys subjected to intracranial hyper­
tension has been demonstrated. 6 In a 
cadaver model, by direct perfusion of the 
anterior segment of the sagittal sinus, Oster- 
holm7 demonstrated that the sagittal sinus 
flow rate is reduced by 30% at an ICP of 
50 mm Hg and by 60% at an ICP of 70 mm 
Hg; at an ICP of 200 mm Hg the sagittal 
sinus flow was totally arrested. The sagittal 
sinus perfusion reservoir in his experiment 
was kept at 50 cm above the sagittal sinus. 
We have been unable to arrest cavernous si­
nus perfusion through a carotid cavernous 
fistula even at the extremes of ICP (PCP =  
250 mm Hg). This suggests that neither the 
cavernous sinus nor the cavernous portion 
of the internal carotid artery is occluded 
by increased ICP. Furthermore, this is in 
keeping with the angiographic picture of 
massive intracranial hypertension. When the 
ICP is equal to the arterial blood pressure 
the angiographic contrast medium fills the
Fig. 3.—Graph showing the percentage caver­
nous sinus flow (100% flow at PCP of 0 mm 
H g) plotted against the paracavernous pressure 
(PCP).
internal carotid artery as far as the anterior 
clinoid process and then either abruptly ter­
minates or fades off as a thin streak. The 
cavernous portion of the internal carotid 
remains patent.8
The cavernous sinus may drain posteriorly 
to the transverse sinus or jugular vein via 
the superior and inferior petrosal sinuses 
respectively and via emissary channels into 
the pterygoid plexus. The cavernous sinus 
receives the ophthalmic veins, sphenoparie­
tal sinus and cerebral veins. The ophthalmic 
vessels, which drain into the cavernous si­
nus anteriorly and are not directly subjected 
to ICP, have rich anastomotic connections 
with the facial and pterygoid vasculature.9 
A change in the direction of flow within the 
ophthalmic vessels could easily be handled 
by these alternative routes. Thus, the caver­
nous sinus itself may act as an escape route 
for cerebral blood should dural sinus col­
lapse occur.
An increase in the ophthalmic vein pres­
sure in the rhesus monkey subjected to in­
tracranial hypertension has been demon­
strated. In the experiments of Hedges, Wein­
stein and Crystle,2 the ophthalmic vein pres­
sure rose when the ICP approached arterial 
pressure levels. This rise in ophthalmic vein 
pressure was considered to reflect the effect 
of external pressure exerted on the outer 
wall of the cavernous sinus. Hayreh and 
Edwards10 found a maximum pressure of 
12 mm Hg in the superior ophthalmic vein 
when the ICP was 50 mm Hg. They also 
noted that the ophthalmic vein pressure 
recorded is fallaciously high since the rhesus 
monkey has an insignificant ophthalmoptery- 
goid connection11 and since the ophthalmo- 
facial anastomosis is eliminated by direct 
cannulation of the superior ophthalmic vein 
in order to measure its pressure.10 Never­
theless, any elevation of the ophthalmic vein 
pressure may represent a reversal of flow 
in the ophthalmocavernous system rather 
than pressure exerted on the outer wall of 
the cavernous sinus.
The authors wish to thank Mr. Barry Blenkin- 
sop for his technical assistance and Mr. M. 
Tarantino and Mr. F. Little for their help with the 
illustrations.
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MANAGEMENT OF LATE CASES OF ESOPHAGEAL DISRUPTION 
WITH INTRAVENOUS HYPERALIMENTATION*
HENSLEY A. B. MILLER, MB, BS, FRCS[C] and GLEN A. TAYLOR, MD, FRCS[C]
Summary: Among fourteen patients with dis­
ruption of the thoracic esophagus, the overall 
mortality rate was 36%. The mortality was great­
ly reduced in a group of five of these patients 
who were treated by closed-chest tube drainage 
and intravenous hyperalimentation. The cause 
of death in most cases was sepsis and mal­
nutrition. Although the ideal treatment in early 
cases of eosphageal disruption is thoracotomy 
and direct suture, it is believed that in patients 
presenting late, in old and debilitated patients, 
and in cases of a leaking thoracic anastomosis, 
the mortality will be greatly improved by the 
use, primarily, of conservative measures, with 
the addition of intravenous hyperalimentation.
Resume: Nous presentons 14 cas de rupture 
de I'esophage thoracique. La mortalite glo- 
bale etait de 36%. Elle a cependant ete nette- 
ment moindre chez cinq de ces malades qui ont 
ete traites par drainage tubulaire insere en tho­
rax ferme et par une hyperalimentation intra- 
veineuse. Dans la majorite des cas la mort etait 
causee par Tinfection et par la denutrition. 
Sans doute, le traitement ideal des cas aigus 
vus au debut est une thoracotomie et la suture 
directe, mais on estime que, chez les malades 
qui se presentent tardivement, chez les mala-
*From the Division of Thoracic Surgery, Depart­
ment of Surgery, Sunnybrook Hospital, Univer­
sity of Toronto, Toronto, Ont.
Reprint requests to: Dr. G. A. Taylor, Division of 
Thoracic Surgery, Department of Surgery, Sunny­
brook Hospital, 2075 Bayview Avenue, Toronto, 
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des ages et debilites et dans les cas ou existe 
une fuite dans I'anastomose thoracique, il est 
possible de diminuer nettement la mortalite par 
le recours aux moyens conservateurs, avant 
tout, auxquels on ajoute une hyperalimentation 
par voie intraveineuse.
B a r r e t t , 1 in 1946, successfully treated a 
case of acute spontaneous rupture of the 
esophagus by thoracotomy and direct suture. 
Others-'4 have since shown that the lowest 
mortality in this dread condition is obtained 
when early diagnosis results in prompt tho­
racotomy or celiotomy and direct suture of 
the esophagus. This principle also applies to 
tears of the esophagus caused by endoscopic 
perforation or external trauma.5 However, 
direct suture is not always applicable to 
certain patients: (a) patients presenting 
late (at which time they are very ill 
and unable to tolerate a major surgical pro­
cedure); (b) old and debilitated patients; 
and (c) patients with anastomotic leaks fol­
lowing esophageal surgery. A major opera­
tion carries a high mortality for these pa­
tients. A much better outcome has been re­
ported when spontaneous or traumatic dis­
ruption of the esophagus has been treated 
with conservative measures,6 particularly 
in those cases where the patient is not seen 
until late.
Over the past 5 years, 14 cases of 
disruption of the thoracic esophagus have
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been managed in our institution (Table I). 
Seven of these were believed to have oc­
curred spontaneously, five were due to iatro­
genic causes such as esophagoscopy, and two 
were associated with foreign bodies. All 
cases of spontaneous rupture were associated 
with severe vomiting, but it is not possible 
to say whether the presence of esophagitis 
contributed in any way as has been pre­
viously reported.7' 8
The patients who were managed with 
closed-chest drainage and intravenous hyper­
alimentation received a protein hydro­
lysate (5% Amigen) mixed with 12.5% 
fructose and 2.4% alcohol. This provides 
40 cal/kg/d  and 2 g protein/kg/d. The 
solution was introduced via a subclavian 
line and care was taken to maintain sterility,
both during its initial insertion and at any 
subsequent manipulation of the dressings. 
The dressings around the line site were 
changed every 3 days. The hyperalimen­
tation fluids were prepared in a specific 
area in the hospital, and under sterile condi­
tions. Despite the presence of sepsis in all 
patients, no instance of septicemia was en­
countered that could be related to the cen­
tral venous infusion catheters. Cultures taken 
from the catheter tips at the cessation of 
alimentation all failed to produce any growth 
of bacteria or fungus.
We report in detail five of these cases 
managed conservatively, in whom adequate 
nutrition was maintained by intravenous 
hyperalimentation.
TABLE I.—Clinical Summary of P atients with E sophageal D isruption
In terva l
A g e R u p tu re before H o sp ita l
P a tie n t (years) S e x E tio logy s ite treatm ent T rea tm en t O utcom e d a ys
l .M . V. 70 F Spontaneous; Lower third 4 d Chest tube drainage Alive 100
vomiting (left) and IV hyper­
alimentation
2. J. S. 60 M Iatrogenic; post- Stricture 3 h Chest tube drainage Alive 60
Collis g’astro- and IV hyper-
plasty alimentation
3. D. D. 32 M Post-esophagoga- 
strectomy for 
Mallory-Weiss
Anastomosis — Left chest drainage 
and IV hyper-
Alive 80
alimentation
syndrome
4.R. B. 37 M Iatrogenic; post- Lower third (left) 3d Right thoracotomy Alive 49
Heller operation and drainage of em­
pyema, chest tube 
drainage and IV 
hyperalimentation
5. R .H . 49 M Postoperative Anastomosis — Chest tube drainage Alive 97
colon interpo- and IV hyper-
sition alimentation
6. D. C. 25 M Spontaneous; Lower third 3d Closed-chest drain- Alive 88
vomiting (left) age, nasogastric 
feeding
7. F. S. 69 M Spontaneous; Lower third 8h Thoracotomy and Alive 29
vomiting (left) direct suture.
8. M. T. 72 M Spontaneous; Lower third Undiagnosed No treatment Died 2
vomiting (left)
9. V. B. 45 M Spontaneous; Intra-abdominal 21 d Laparotomy and Died 20
vomiting esophagus drainage of para­
esophageal sub-
phrenic abscesses, 
bilateral chest drains
10. S. P. 75 M Ingested foreign — — Bilateral chest Died 14 h
bodies (suicide 
attempt)
drains
11. R. W. 74 M ? spontaneous; Lower third 2d Chest drain Died 9
17 d after gastro­
enterostomy in 
patient with 
large hiatus 
hernia
(right)
12. R.B. 57 M Spontaneous; Lower anterior Id Laparotomy and Died, 15
vomiting 4 d third (left) thoracotomy, direct pulmonary
after volvulus of 
stomach
suture of esophagus embolus
13. V.K. 71 F Foreign body Lower third 2d Right thoracotomy, Alive 28
(chicken bone) (right) drainage of media­
stinum, chest tube 
drainage and 
gastrostomy 
Thoracotomy,14. W. J. 46 M Esophagoscopy Lower third 2d Alive 36
repair of %-in tear,
chest drains
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Case R eports
Case 1.—A 70-year-old housewife was ad­
mitted to hospital because of sudden retro­
sternal pain. A primary diagnosis of myocar­
dial infarction was made. Her condition rapidly 
deteriorated and subsequent tests ruled out a 
cardiac cause of her condition. At laparotomv 
no abnormal intra-abdominal findings were en­
countered. Two days postoperatively, a left 
hydropneumothorax was evident and the diag­
nosis of spontaneous rupture of the esophagus 
was confirmed with a Gastrografin (diatrizo- 
ate methylglucamine 76%) swallow (Fig. la).
Two drainage tubes were introduced, ante­
riorly and posteriorly, in the left chest and 
connected to Emerson suction. Since these en­
sured adequate drainage of the pleural cavity 
and expansion of the lung, we felt that no in­
dication for further surgery was present in this 
gravely ill patient.
We elected to maintain her nutritional needs 
by intravenous hyperalimentation. Her condi­
tion steadily improved and in 14 days esopha- 
goscopy was carried out under neurolept an­
esthesia to rule out the presence of a malignant 
lesion. Grade I esophagitis was encountered 
throughout the length of the esophagus. A rib 
resection was performed and a large-bore inter­
costal tube was inserted into the fixed posterior 
space in the left pleural cavity.
Ten weeks after admission, a Gastrografin
Fig. la Fig. lb
Fig. 1.—Case 1. (a) Radiograph showing leak­age of contrast material from the esophagus into the left pleural cavity, (b) Radiograph of the lower end of the esophagus 12 weeks later after closure of the fistula.
swallow showed that her esophageal leak had 
completely healed (Fig. lb) and she was dis­
charged with her intercostal tube draining 
small amounts into her dressing. This drain­
age subsided 8 weeks later.
Case 2.—A 60-year-old man was admitted 
with a diagnosis of hiatus hernia, reflux eso­
phagitis, and stricture. He underwent a modi­
fied Collis esophagogastroplasty; this consists 
of structuring a gastric tube by an incision in 
the greater curvature and this is combined 
with a Belsey Mark IV repair, leaving the 
esophagogastric junction in the chest. Vago­
tomy and pyloroplasty were also performed. 
Five days postoperatively a large left pleural 
effusion developed; subsequently bile drained 
through an intercostal tube. We believed that 
the leak originated from the rupture of the 
dilated esophageal stricture. He was treated 
with the intravenous hyperalimentation regi­
men previously described and 14 days later the 
fistula had closed as demonstrated on cine- 
esophagogram.
Case 3.—A 32-year-old man was admitted 
to the emergency department with a massive 
upper gastrointestinal hemorrhage due to al­
coholic gastritis. Conservative management 
failed and it was necessary to perform a total 
gastrectomy using a Roux-en-Y tube of je­
junum through a left thoracoabdominal inci­
sion. One week later a large leak, confirmed 
by Gastrografin study, developed from the eso- 
phagojejunal anastomosis. He was similarly 
treated with closed-chest drainage attached to 
Emerson suction and intravenous hyperalimen­
tation. Eighteen days after his operation, 
barium studies of the esophagus showed that 
the fistula had closed. During this time, his 
general condition remained stable and his 
weight was maintained. A rib-resection inter­
costal tube drained the empyema space from 
the left pleural cavity and the discharge ulti­
mately ceased.
Case 4.—A 37-year-old man was admitted 
with a 6-year history of dysphagia. A cine- 
esophagogram, esophageal motility studies, and 
esophagoscopy all supported a diagnosis of 
vigorous achalasia. Through a left thoracotomy 
incision, a modified Heller myotomy with an 
added Belsey “wrap-around” procedure was 
done. Seven days after operation, while eat­
ing a meal, he suddenly complained of dyspha­
gia and claimed that a piece of chicken was 
lodged behind the lower end of his sternum. 
He then vomited and developed retrosternal 
pain. Initially, a chest radiograph and Gastro­
grafin swallow were normal, but a second chest 
radiograph 3 days later showed a left hydro-
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pneumothorax. Gastrografin swallow con­
firmed a rupture of the lower one-third of the 
esophagus with an esophagopleural fistula. 
Chest tubes were reinserted into the left chest 
and intravenous broad-spectrum antibiotics 
were administered. Because tube drainage and 
suction failed to expand the left lung fully, a 
left thoracotomy was performed to drain a 
residual empyema and decorticate the lung. No 
attempt was made to locate or suture the eso­
phageal leak. The patient was started on intra­
venous hyperalimentation. His progress was 
slow but steady. Three weeks later a rib re­
section was done and his chest tube drained 
openly into the dressings. One week later a 
Gastrografin swallow showed that the esopha­
gopleural fistula had closed. At the time of his 
discharge the amount of open intercostal drain­
age was minimal.
Case 5 .—A 49-year-old man was admitted 
with an irreducible hiatus hernia and severe 
esophagitis extending to within 25 cm from 
the incisors and associated with a 10-cm stric­
ture that could not be dilated. Through a left 
thoracoabdominal incision a long-segment co­
lon replacement of the esophagus was done, 
the upper anastomosis being just above the 
aortic arch.
Six days after operation, the anastomosis in 
his chest developed a leak and became infected.
TABLE II.—M ortality of Patients T reated 
with Closed-Chest T ube Drainage
No. of No. of
Treatment patients Deaths
No IV hyper­
alimentation ............. 5 3
Gastrostomy feed­
ing (1)
Nasogastric feed­
ing (2)
Intravenous
solution (2)
IV hyperalimentation 5 0
Weeks
Fig- 2.—Weight of the patients during intraven­
ous hyperalimentation.
Strong suction was applied to his chest tubes 
to ensure expansion of the left lung, and he 
was started on large doses of intravenous anti­
biotics. Four days later, fecal material dis­
charged from his abdominal drain. A Gastro­
grafin swallow confirmed the presence of eso­
phagopleural fistula. His nutritional state was 
maintained with intravenous hyperalimentation. 
Three weeks later, rib resections were done 
and his chest tubes were allowed to drain open­
ly into dry dressings. A Gastrografin swallow 
showed that his leak was closed after 30 days.
Results
Two groups of patients are identified in 
this series —  patients treated by thoraco­
tomy with primary suture of the esophagus 
(Patients 7, 12 and 14) and those treated 
conservatively with closed-chest drainage 
and supportive measures (Patients 1 to 5 
and 6). The decision to perform thoracotomy 
depended on (a) the time interval between 
rupture of the esophagus and its presentation 
and (b) the age and general condition of the 
patient. In the patient in whom the condition 
remained undiagnosed, death occurred with­
in 48 hours.
The overall mortality was 35.8%. The 
single death (Patient 12) that occurred in the 
group of patients treated with thoracotomy 
and primary suture was due to a pulmonary 
embolus proved at autopsy on the fifteenth 
postoperative day (Table I).
The most significant group in this series 
comprises the patients treated conservative­
ly with chest tube drainage (Table II). The 
five patients (6, 9, 11, 13 and 14) who 
presented late and were treated with closed- 
chest drainage and maintenance of nutrition 
either by intravenous fluids, nasogastric 
feedings, or gastrostomy had a mortality 
rate of 60%. This is to be compared with
Weeks
Fig. 3.—Increase in serum proteins during intra­
venous hyperalimentation.
a
1
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the absence of mortality in the five patients 
(1 to 5) treated conservatively with the 
addition of intravenous hyperalimentation to 
maintain nutrition. In these five patients, 
nitrogen balance studies were not done but 
all maintained their weight on 40 cal/kg/d 
and 2 g protein/kg/d (Fig. 2). A gradual 
increase in serum proteins was seen in all 
patients (Fig. 3).
Discussion
Prompt thoracotomy or celiotomy with 
direct suture of the esophagus in patients 
presenting with acute rupture or endoscopic 
tears is associated with a low mortality.1'4 
Thai9 has published successful results using 
a fundic patch technique to seal the esopha­
geal rupture. Abbott et al] " described tho­
racotomy and the use of a long-arm T-tube 
to drain the esophagus. However, these 
methods of management are not applicable 
in some patients. It is in such patients that 
rupture of the esophagus carries a high 
mortality. Keighley et al- and Blichert- 
Toft,11 reporting on thoracotomy and at­
tempted direct suture of the esophagus 24 
hours or more after disruption, noted 
breakdown of the suture line both in the 
esophagus and in the chest wall with em­
pyema formation and a high morbidity and 
mortality. The advisability of operation on 
late cases of esophageal disruption remains 
in doubt.
Berger and Donato1- have suggested 
controlling the leak by a Celestin tube in 
patients with malignant perforations and 
anastomotic leaks. Also, Mengoli and 
Klassen6 reported a mortality of 6% in 
18 cases of spontaneous and traumatic 
perforations of the esophagus treated con­
servatively with nasogastric suction, anti­
biotics and closed-chest tube drainage.
The 14 cases described in the present re­
port confirm the high mortality associated 
with esophageal disruption regardless of its 
etiology. The overall mortality rate of 36% 
is in agreement with most series.8' 11 13 
However, of most significance is the ab­
sence of mortality in the five patients 
treated with aggressive tube drainage and 
intravenous hyperalimentation. It should 
be noted that the morbidity in the patients 
treated conservatively was high but really
no different from that of patients present­
ing late and treated with thoracotomy and 
attempted suture of the esophageal rup­
ture.2- 11 This indicates that the use of 
intravenous hyperalimentation may play 
an important role in reducing the mortality 
in patients treated conservatively. Du- 
drick14 in 1967 showed that intravenous 
hyperalimentation was effective in achiev­
ing positive nitrogen balance and promot­
ing healing. This method has been used 
extensively in patients with intestinal fis­
tulas, allowing the gastrointestinal tract to 
rest and heal. Recently Zohrab, McHattie 
and Jeejeebhoy15 have shown that patients 
on intravenous hyperalimentation using 
protein hydrolysate (Amigen), dextrose and 
lipid maintained their weight on 1.0 to 1.5 
g /kg /d  of protein and 32.5 cal/kg/d. 
These quantities are less than those pre­
viously recommended as necessary for posi­
tive nitrogen balance with intravenous hy­
peralimentation.16 No lipid was used in 
our own studies.
In the five patients here reported in de­
tail the use of intravenous hyperalimentation 
removed the necessity of an added operative 
procedure for feeding purposes. By main­
taining positive nitrogen balance, healing 
was promoted, aiding the closure of the eso­
phageal leak.
Conclusion
The findings in the group of patients re­
ported support the view that thoracotomy 
and direct suture repair remain the treat­
ment of choice for an acute rupture or tear 
of the thoracic esophagus. However, in pa­
tients in whom the clinical diagnosis is not 
made until late, or in patients with anasto­
motic leaks following surgery on the esopha­
gus, conservative treatment with the addi­
tion of intravenous hyperalimentation is sug­
gested as a better method of management. 
In these patients, thoracotomy is not indi­
cated, provided Gastrografin swallow shows 
the perforation to be in free communication 
with the pleural cavity. The provision of 
adequate drainage of the perforation and the 
pleural cavity with well-placed chest tubes, 
the use of appropriate antibiotics and, most 
important, supplying the patient with much- 
needed nutrition by means of high calorie-
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high protein intravenous feeding, control 
the infection and promote healing of the 
esophageal disruption.
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CYSTIC ADVENTITIAL DISEASE OF THE POPLITEAL ARTERY*
T. K. SCOBIE, MD, FRCS[C], FACS and R. H. CURRY, MD, FRCP[C]
Summary: The first case of cystic adventitial 
disease of the popliteal artery recorded in Ca­
nada is reported and discussed in conjunction 
with a review of the world literature of 45 re­
ported cases. This rare cause of arterial insuffi­
ciency occurs usually in young men and should 
be considered in the differential diagnosis of 
claudication. Angiographic findings are diag­
nostic and surgery is usually corrective. The 
theories of etiology and pathogenesis are dis­
cussed and the gross and microscopic pathology 
is demonstrated.
Resume: Les auteurs presentent le premier cas 
de maladie kystique de I'adventice de I'artere 
poplitee qui ait ete rapporte au Canada et le
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the University of Ottawa, Ottawa, Ont.
Reprint requests to: Dr. T. K. Scobie, Depart­
ment of Surgery, Ottawa Civic Hospital, 1053 
Carling Avenue, Ottawa, Ont. K1Y 4E9.
discutent a propos d'une revue de la litterature 
mondiale des 45 cas signales. Cette cause rare 
d'insuffisance circulatoire arterie lle survient 
generalement chez des jeunes hommes et devrait 
etre envisagee dans le diagnostic differentiel de 
la claudication. Les donnees fournies par I'angio- 
graphie sont diagnostiques et I'operation permet 
habituellement de corriger le trouble. On trouve 
egalement dans cet article les theories en cours 
sur I'etiologie et la pathogenie de la maladie et 
des renseignements sur les decouverts patho- 
logiques macroscopiques et microscopiques.
Cystic adventitial disease is a rare cause of 
stenosis, occlusion and thrombosis of the 
popliteal artery. Forty-five cases have been 
reported in the world literature 1 ■’ since this 
disease was first diagnosed in 1947.° In 
1967, the incidence in the Peripheral Vas­
cular Unit at the Glasgow Infirmary, Scot­
land was estimated as 1 in 1200 patients 
presenting with claudication or 1 in 1000
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patients undergoing arteriography.7 In this 
article we summarize the findings in the 
fourth patient with the condition to be re­
ported in North America. A  further three 
cases were described by Dr. John C. Coles 
at a meeting of the Eastern Division of the 
Canadian Association of Clinical Surgeons, 
held in London, Ont., in March 1974.
C ase R epo r t
A 54-year-old taxi driver was admitted to 
the Ottawa Civic Hospital with a 3-month 
history of pain in his left calf after walking 
about 200 yards; the pain was relieved by 5 
minutes’ rest. There was no history of trauma, 
no associated swelling of the leg and no rest 
pain or sensory changes in the foot. He was 
obese and normotensive. Findings on examina­
tion were normal except for his left leg. The 
posterior tibial pulses were grade I to II bila­
terally and both dorsalis pedis pulses were ab­
sent. Sensation and motor function were equal 
and normal in both legs. There was a marked 
decrease in the left posterior tibial pulse after 
exercise and on full flexion of the knee. A 
right transfemoral aortogram demonstrated no 
evidence of arteriosclerosis, but in the middle 
portion of the left popliteal artery there was a 
smooth crescentic indentation of the lateral 
wall, with marked stenosis but without post­
stenotic dilatation (Fig. 1). The distal vessels 
were normal, as were the other vessels visual­
ized in both legs from the aorta down to the 
ankles. The diagnosis of cystic adventitial dis- 
sease was made.
Fig. 1.—Bilateral femoral arteriogram demon­
strating the characteristic smooth indentation 
(arrow) of the lateral wall of the left popliteal 
artery without post-stenotic dilatation.
At operation the popliteal artery was ex­
posed by a medial approach. The vessel was the 
site of an aneurysmal-like dilatation, 2.5 x 3.0 
cm in size, which resembled a synovial cyst. 
The blood flow distal to the lesion was satisfac­
tory. The affected segment was resected (Fig. 
2) and the adjacent long saphenous vein was 
inserted in the defect as an interposition graft.
Section of the specimen disclosed a multi- 
loculated cyst filled with gelatinous material, 
located in the adventitial layer and compress­
ing and displacing the adjacent media and in- 
tima (Figs. 2 and 3). On microscopic examina­
tion the adventitia and perivascular tissue con­
tained cystic spaces surrounded by dense fi­
brous tissue (Fig. 3) and in parts lined by
Fig. 2.—The resected segment of left popliteal 
artery with the intimal surface (lnt) exposed. 
The transversely incised adventitial cyst (arrow) 
contained mucoid material in the area of steno­
sis (S ).
Fig. 3.—Section of popliteal artery showing the 
lumen (L) with multiloculated adventitial cyst 
(AC) surrounded by fibrous tissue (hematoxylin- 
phloxine-saffron stain x 10).
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flattened cells (Fig. 4); in addition, there were 
areas of myxomatous change. The tunica me­
dia of the artery showed some disorganization 
and fibrosis. There was also slight intimal fi­
brosis (Fig. 4), but no atheromatous changes 
were evident. The appearance was considered 
consistent with the development of mucin- 
filled cysts from areas of myxomatous tissue. 
The microscopic similarity between the lesion 
and a synovial cyst (ganglion) was noted.
The patient had an uncomplicated postoper­
ative course with primary wound healing. A 
repeat femoral arteriogram done 14 days after 
the operation demonstrated normal flow and 
no stenosis. At follow-up examination 1 year 
later there was no recurrent disease and the 
patient complained of no symptoms referable 
to this limb.
Discussion
In the first case of cystic adventitial dis­
ease (“myxomatous tumour”) to be re­
ported6 the external iliac artery was in­
volved. The first case in which the lesion 
occurred in the popliteal artery was reported 
by Ejrup and Hiertonn.8 They considered 
the changes to represent a mucoid degenera­
tion of the media or a dissecting aneurysm 
causing stenosis. This case was subsequently 
included in a paper by Hiertonn, Lindberg 
and Rob6 recording in detail the findings in 
four patients with this condition.
The condition has been described under 
several different names,10 indicating a lack 
of conclusively proved pathogenesis or etio­
logy. These names include cystic degenera­
tion, myxomatous degeneration, mucinous 
cystic dissecting intramural degeneration, 
synovial cyst and adventitial cystic disease. 
Hiertonn, Lindberg and Rob9 postulated
Fig. 4 .—Section of popliteal artery showing in­timal fibrosis (F ), internal and external elastic laminas (large arrows) and multiloculated ad­ventitial cyst (AC) partially lined by flattened cells (small arrow) (hematoxylin-phloxine-saffron stain x 125).
different stages of the condition. Initially, the 
adventitial cyst is associated with a normal 
tunica media, stenosis of the lumen develop­
ing secondarily to enlargement of the cyst 
and displacement of the vessel wall by pres­
sure. Subsequently, the media may become 
partially necrotic and eventually, although 
rarely, the necrotic media and overlying in- 
tima may rupture into the arterial lumen.
The etiology of the condition is obscure. 
The lesion does not appear to be related to 
local degenerative changes in an atheroscle­
rotic or otherwise abnormal arterial wall 
since there is usually little or no atheroscle­
rotic change in the segment of artery in­
volved, and the disease is encountered pre­
dominantly in men in the fourth decade;2 
isolated cases have been reported in a 13- 
year-old7 and in an 11-year-old boy.11 
Several authors1- 7- 12 have noted that the 
histology of the lesion does not suggest an 
etiological basis in hemorrhage or inflam­
mation. These features were absent in our 
own case. The lesion is not considered to 
be neoplastic. Hiertonn and Lindberg12 sug­
gested that repeated minor trauma to the 
popliteal artery might be a factor. However, 
as Bliss, Rhodes and Rains13 observed, it is 
rare among those who would be expected 
to be particularly predisposed (e.g. cyclists, 
athletes, miners). Although it is conceivable 
that repeated flexion could result in separa­
tion or sequestration of adventitia with sub­
sequent development of a mucoid cyst, a 
similar condition has been described in other 
arteries, including the external iliac6 and 
radial14 not exposed to such repetitive mi­
nor trauma. On the other hand, Flanc15 re­
ported a case where a single traumatic epi­
sode immediately preceded the onset of 
claudication.
A striking feature of the pathology of the 
lesion is its similarity to a synovial cyst 
(ganglion). Hiertonn and Lindberg12 noted 
this resemblance, as did Atkins and Key6 
in their description of the condition in the 
external iliac artery, and it has been com­
mented on by several authors subsequently, i. 1 2 . i4, 16 As noted in this case and in 
previously reported series7- 10 the lesion 
may be unilocular or multilocular, the cyst 
being located within superficial layers of the 
vessel wall, supported by a fibrous wall, 
lined in areas by flattened cells and contain-
January  1975 THE CANADIAN JOURNAL OF SURGERY 49
ing gelatinous mucinous material. In the 
case reported by Ejrup and Hiertonn,8 the 
material within the cyst contained abundant 
fibrinogen, carbohydrate-rich globulin and 
hemoglobin with no increase in calcium or 
cholesterol. In other reports, analysis of cyst 
contents has revealed the presence of hya­
luronic acid, lipoprotein and glycoprotein in 
the absence of hemoglobin, cholesterol and 
calcium, indicating that the cysts are not 
altered hematomas.1’ 7 11 It has been 
claimed17 that the principal component is 
mucoprotein with substantial amounts of 
glucosamine, and that the failure to detect 
hydroxyproline suggests that collagen or 
elastin cannot be present in more than trace 
amounts. On the other hand, Harris and 
Jepson11 noted a significant amount of 
hydroxyproline in a case they reported, 
which supports an origin from collagen. 
The pathology would not indicate a similar­
ity to the cystic lesions in the media of 
arteries noted by Erdheim18 where a solit­
ary vascular lesion is unaccompanied by 
more widespread connective tissue lesions. 
On the other hand, it has been suggested that 
the changes may be part of a mucinous or 
myxomatous condition occurring in asso­
ciation with a more generalized disorder. 
Linquette et al19 found changes in the elas­
tic tissue of the skin in the case that they 
described. However, it seems unlikely that 
a generalized disorder would so frequently 
manifest itself in the popliteal artery and so 
rarely affect other arteries.
It seems most likely that a cyst forms 
from a portion of synovial membrane, of 
either a tendon sheath or the knee joint, 
which has become attached to the artery. 
It may, however, occur as a developmental 
abnormality and this possibility is supported 
by the observation that similar cystic lesions 
occur in association with the lateral popli­
teal nerve near the head of the fibula. 20’ 21
In the series of 40 cases reviewed by 
Haid, Conn and Bergan,2 only five occurred 
in women. They note that this is a disease 
of men in their fourth decade and that, while 
the condition is unilateral, there is no pre­
dilection for a particular side. The patient 
complains of intermittent claudication in one 
leg which may be of sudden or gradual on­
set and which is accompanied by a cold 
white foot on exercise. Distal pulses may be
palpable at this stage but may disappear with 
exercise. The ganglion-like swelling is only 
occasionally palpable. Ishikawa, Mishima 
and Kobayashi22 described the classical 
clinical sign. On full flexion of the hip and 
knee joints for about 5 minutes with the 
patient in the supine position, the arterial 
circulation of the lower leg on the affected 
side decreases considerably and is restored 
when the joints are extended. This is in 
contrast to the popliteal entrapment syn­
drome where contraction of the gastrocne­
mius muscles by active plantar flexion or 
passive dorsiflexion of the foot will cause 
distal pulses to diminish or disappear and 
also give decreased readings on oscillometry. 
Eastcott23 stated that detection by auscul­
tation of a systolic murmur in the popliteal 
space of a young, healthy, non-smoking man 
without any signs of atherosclerosis, always 
confirms the diagnosis of a pseudocyst of 
the popliteal artery. The differential diagno­
sis includes an arteriosclerotic cause, Buer­
ger’s disease, thrombosis in an aneurysm 
and popliteal entrapment syndrome.
Arteriography shows a typical appearance 
in the early stage when the vessel is still 
patent, usually involving the mid-portion of 
the popliteal artery. The arterial wall has a 
smooth, fluted stenosis that may be at one 
side or produce an hourglass appearance, 
and there is no post-stenotic dilatation. The 
cyst may displace the artery backwards, a 
condition that must be distinguished from 
its medial displacement in the popliteal 
artery entrapment syndrome. When the 
vessel is occluded, an arteriogram will not 
show the lesion, although a smooth tapering- 
off at its upper level —  the scimitar effect 
or flute embouchure form —  may suggest a 
cystic lesion. In many cases the diagnosis 
has been made only at operation.
In the 40 reported cases collected by 
Haid, Conn and Bergan2 the operation con­
sisted of resection and vein graft in 14, 
synthetic graft in 4 and homograft in 2. 
Simple cyst evacuation was done in 19 in­
stances and endarterectomy in 1. On the 
basis of these results, these authors advised 
that simple evacuation of the cyst should 
probably be attempted initially and vein- 
graft replacement reserved for cases in 
which this method is unsuccessful.
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SUCCESSFUL ORTHOTOPIC FREE AUTOGENOUS JOINT GRAFTS IN THE DOG*
G. A. DANIEL, MD, FRCS[C], M. A. ENTIN, MD, MSc, FACS and D. S. KAHN, MD, FRCP[C]
Summary: Thirty free autogenous metacarpal 
and 26 phalangeal articular cartilages were 
transplanted in the forefoot of dogs. The graft in 
each case included the articular surface and a 
minimal amount of supporting subchondral bone. 
The majority of the metacarpal grafts retained 
a normal gross, microscopic, and radioauto- 
graphic appearance, some for up to 1 year 
after transplantation. In contradistinction, all of 
the phalangeal grafts failed, probably because 
their flat surface made it impossible to maintain 
adequate fixation to the host bed. As a result 
the majority of these grafts became displaced.
Analysis of the incorporation of the meta­
carpal grafts into the host bed showed that this 
occurred when there was no significant period 
during which the articular cartilage was without 
subchondral support. The situation is different 
in the case of joint grafts with a larger amount 
of subchondral bone. In these, during the time 
that this necrotic bone is being resorbed and 
replaced by normal viable bone, the articular 
cartilage has extremely limited subchondral 
support
Resume: Nous avons pratique dans I'avant-patte 
des chiens 30 transplantations autoplastiques 
libres du metacarpe et 26 greffes de cartilage 
articulaire des phalanges. Dans tous les cas, ces 
greffes comprenaient de la surface articulaire et 
une quantite minimale d'os subchondral de 
soutien. L'apparence des greffes du metacarpe 
restait normale, aux points de vue macrosco- 
pique, microscopique et autoradiographique, 
dans certains cas jusqu'a une annee apres la 
transplantation. Par contre, les greffes phalan- 
giennes ont toutes echoue, probablement parce 
que leur surface plate ne permettait pas une bon­
ne fixation et un contact adequat avec les tissus 
de I'hote. II en est resulte un deplacement de la 
majorite de ces greffes.
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Une analyse de I'incorporation des greffes 
metacarpiennes dans le tissu de I'hdte a permis 
de decouvrir que ceci survenait quand il n'y 
avait pas de periode suffisante pendant laquelle 
le cartilage articulaire etait depourvu de soutien 
subchondral. Dans le cas des greffes articulaires 
possedantes une quantite considerable d'os 
subchondral, la situation etait completement 
differente. Dans ces cas, durant le laps de 
temps necessaire pour que I'os necrose soit 
resorbe et remplace par du tissu osseux viable, 
le cartilage articulaire n'avait qu'un soutien sub­
chondral tres limite.
C a rtila g e  will survive autogenous trans­
plantation to soft tissue, either as slices or 
as part of a free joint graft, whereas if it is 
transplanted to a position of function (ortho­
topic), the articular cartilage of joint grafts 
will be destroyed.1'3 Previous related stu­
dies by us3'6 have shown that mechanical 
forces, synovial fluid alterations, and lack of 
a sensory nerve supply, while undoubtedly 
having an important secondary role, do not 
seem to be the primary factor responsible 
for the ultimate articular cartilage deteriora­
tion in orthotopic grafts. During these stu­
dies we also noted that the cartilage changes 
were of late onset and coincided with the 
replacement and remodelling of the ische­
mic necrotic subchondral bone of the graft. 
This led us to design the present experiment 
to study the effect on the grafted articular 
cartilage of reducing as much as possible 
the amount of subchondral bone that would 
have to be resorbed and remodelled. Since 
our preliminary report on this experiment, 
others have published results using similar 
grafts.7 12
M a te r ia l  a n d  M e t h o d s
Thirty-six adult mongrel dogs were used. 
A  bloodless field was obtained by means of 
a pneumatic tourniquet. Anesthesia and the 
surgical approach were those previously de­
scribed.1’ 3> 5-
G roup 1
In 18 dogs the transplant consisted of an
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articular cartilage cap of the third or 
fourth metacarpal of the forefoot. The heads 
of these two metacarpals were excised just 
below the articular surface. As much sub­
chondral bone as possible was removed by 
means of a high-speed dental drill. Histolo­
gical sections showed that it was possible to 
prepare an articular cartilage cap with less 
than 1 mm of underlying subchondral bone 
(Fig. 1).
The graft bed was the ends of the ampu­
tated metacarpals. Using a roto-osteotome 
they were fashioned into rounded stumps 
that would accept the prepared articular 
cartilage caps. The cartilage cap of the third 
metacarpal was placed on the rounded 
stump of the fourth metacarpal and vice 
versa. They were fixed by no. 33 stainless- 
steel sutures placed peripherally through 
cartilage and bone in a position that did not 
interfere with free movement of the joint. 
The joint capsule and tendon were repaired 
and the skin was sutured.
Group II
In the 18 dogs in this group the trans­
plants were the proximal ends of the first 
phalanx of the forefoot, prepared as de­
scribed above so that they consisted of arti­
cular cartilage with a minimal amount of
underlying subchondral bone. The graft bed 
was the end of the resected phalanx. The 
grafts were interchanged so that the articular 
cartilage from the phalanx of the third digit 
was placed on the stump of the phalanx of 
the fourth digit and vice versa. Fixation and 
closure were as above.
In both groups the operated foreleg was 
maintained in a plaster cast up to the elbow 
for 4 weeks. The forepaw was examined 
weekly and x-rayed monthly. Animals from 
both groups were killed at intervals from 
4 weeks to 1 year after surgery. Seventy- 
two hours before sacrifice the dogs were an­
esthetized and the skin incision was opened. 
Under direct vision, sulfur-35 (400 pCi) was 
introduced into the two operated joints and 
the unoperated fifth metacarpophalangeal 
joint (control). The 33S was injected as 
a Na235S 0 4 solution. After sacrifice the two 
operated joints and the fifth metacarpopha­
langeal joint were removed and processed 
for histological and autoradiographical stu­
dies.
R esu lts
Following healing of the skin incision, 
there was no discernible pain during either 
active or passive movement of the operated 
joints.
Fig. 1.—Photomicrograph of the type of metacarpal articular graft used in this study. Note the 
relatively small amount of subchondral bone (H & E x 40) .
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Fig. 2.—Radiograph of grafts to the third and 
fourth metacarpal, 4 months after insertion. 
There is good alignment and joint spaces are de- 
quate.
Fig. 3. —Photomicrograph of a metacarpal graft 
8 weeks after operation. The viability of the 
cartilage is shown by the uptake of the 35S, given 
48 hours before sacrifice. The subchondral bone is 
anuclear (H & E x 40).
Fig. 4.—Photomicrograph of a metacarpal graft 16 weeks after operation. The necrotic bone of 
the graft is being surrounded and replaced by new bone of the host. The viability of the cartilage is 
evident (H & E x 40).
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Group I: Metacarpal Grafts
(A) Radiological findings
The operated joints showed a completely 
normal appearance, except when major dis­
placement had occurred (Fig. 2).
(B) Gross observations
Of the 36 grafts, 30 were suitable for 
study. The other six had become completely 
separated from the graft bed and were ex­
cluded. Of the suitable grafts 19 appeared 
to have normal articular cartilage, 9 
showed minimal degenerative changes and 
two showed advanced changes (Table I).
(C) Histological observations
Grossly normal.—At 4, 8, and 12
weeks, the successful grafts showed pro­
gressive incorporation of the graft subchon­
dral bone into the host. Fibrovascular tissue 
replaced the marrow spaces of the host bed. 
The subchondral bone of the graft became 
non-nucleated (necrotic) (Fig. 3). Osteo­
blasts from the host produced seams of new 
bone along the outside of these necrotic sub­
chondral graft bone trabeculae, anchoring 
them to the host bed. By 12 to 16 weeks 
these necrotic trabeculae were completely 
surrounded by the new host bone (Fig. 4). 
During this time, the grafted articular carti­
lage and opposite articular surface remained 
essentially normal.
From 12 weeks on there was remodelling 
of the subchondral area. The necrotic cores 
of subchondral graft bone became progres­
sively smaller until they could no longer be 
recognized and the grafted articular surface 
became anchored to the host bed by the new 
host bone. Osteoclastic activity was never 
prominent. The marrow became fatty in 
type and by 26 weeks the subchondral area
was similar in structure to that of a normal 
metacarpal. On the whole, the grafted arti­
cular cartilage remained normal. In addition, 
in the 10 animals sacrificed after 16 weeks, 
the grafted joint showed a thickened syno­
vial membrane giving rise to a villus-like 
structure, bisecting a joint (Fig. 5).
Grossly minimal articular cartilage de­
generation.—-Incorporation of the graft pro­
ceeded as above. The articular cartilage,
Fig. 5.—Photomicrograph of a metacarpal graft 
24 weeks after insertion. The animal had re­
ceived 35S 48 hours before sacrifice. The grafted 
metacarpal cartilage (bottom) shows excellent 
uptake, in no way different from the non-grafted 
phalangeal articular cartilage (top). A large 
thickened synovial villus bisects the joint cavity 
(H & E x 40).
TABLE I.—Fate of the Transplanted M etacarpal Articular Cartilage Caps
Observation time 
{weeks)
No. of 
grafts
Gross observations
Normal
Degenerative
changes Destroyed
4- 8 14 10 3 1
12-20 9 3 5 1
26 3 3 0 0
44 2 1 1 0
52 2 2 0 0
Total 30 19 9 2
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however, showed changes ranging from 
minor fibrillation to marked thinning (Fig. 
6). Beyond 12 weeks, those with a lesser 
degree of degeneration had a large bisecting 
villus, similar to that already described. The 
joints with more advanced changes in the 
grafted surface showed similar but milder 
degenerative changes of the non-grafted 
opposing articular cartilage.
Grossly advanced changes.— These two 
joints showed pannus formation and carti­
lage replacement, similar to what has been 
previously reported in free whole- and half­
joint transplants.
(D) Radioautographic studies
The histologically normal articular carti­
lage grafts had an uptake and incorporation 
of 35S into the ground substance of the car­
tilage similar to that found in the cartilage 
of the opposing (non-grafted) phalangeal 
articular surface and adjacent non-operated 
fifth metacarpophalangeal joint (control) 
(Fig. 5). The specimens with advanced de­
generation showed either markedly less up­
take of the label or else none at all.
Group II: Phalangeal Grafts
(A) Radiological findings
Most of the grafts were displaced and the 
joint contours in these grafts were altered.
(B) Gross observations
Of the 36 grafts, 26 were suitable for 
study. As noted on radiological examination, 
most of the grafts showed some degree of 
displacement. Only 5 of 14 grafts examined 
at 4 and 8 weeks appeared to have normal 
articular cartilage. Of the 12 examined after 
a longer interval, the cartilage was complete­
ly destroyed in 9, while the remaining 3 
showed marked thinning of the cartilage 
(Table II).
(C) Histological observations
The five grafts that appeared grossly 
normal at 4 to 8 weeks appeared incor­
porated into the host bed like the meta­
carpal grafts (Fig. 7). In the animals sac­
rificed later than 8 weeks, the three grafts 
that were not completely displaced and de­
stroyed showed advanced degenerative 
changes; there was marked thinning or com-
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Fig. 6.—Photomicrograph of a metacarpal graft 52 weeks after operation. The animal received 
35S 48 hours before sacrifice. There is good uptake of 35S by the cartilage which shows some super­
ficial fibrillation. The subchondral bone is normal (H & E x 40).
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plete absence of cartilage and eburnation of 
the subchondral bone (Fig. 8).
(D) Radioautographic studies
In the few grafts suitable for study there 
was almost no uptake of the labelled sulfate, 
in keeping with the advanced cartilage de­
generation.
D iscussion
The articular cartilage of the majority of 
the metacarpal joint grafts survived without 
any significant deterioration, some for up 
to 1 year after transplantation. On the 
contrary, almost none of the phalangeal 
grafts were successful. The different fate of 
these two types of grafts seemed to result 
simply from the impossibility of maintaining 
adequate fixation of the phalangeal grafts, 
all of which became displaced from their 
graft bed. Others have also noted a relation­
ship between the stability of a joint graft 
and its ultimate fate. Kettlekamp and Ram­
sey7 emphasized the importance of the 
capsule and collateral ligaments in main­
taining stability. Lance and Fisher,13 found 
that adequate healing of soft-tissue struc­
tures was necessary to maintain proper graft 
articular surface alignment and survival. 
Walsh’s attempt14 to reconstruct anterior 
cruciate ligaments with cartilage slivers 
failed because of inability to maintain fixa­
tion of the tiny transplants.
The findings in the present experiment are 
confirmatory of the results of other recently 
reported experiments7' 12’ 15 in which it 
was found that articular cartilage with a 
very small amount of subchondral bone will 
survive orthotopic transplantation. The re­
sults also allow some insight into why the 
articular cartilage of most free joint trans­
plants, half and whole, was ultimately de- 
troyed. These grafts contained a large 
amount of subchondral bone, most of which 
became necrotic because of the ischemia 
present during the period of transplantation. 
Following revascularization of the graft, the 
necrotic bone was slowly replaced by a pro­
cess of creeping substitution. Coinciding with
Fig. 7.—Photomicrograph of a phalangeal graft 
8 weeks after operation. The animal had re­
ceived 35S 48 hours before sacrifice. The grafted 
cartilage (top) shows no evidence of uptake of 35S 
indicating it is not viable. Compare this with the 
normal uptake of the non-grafted metacarpal arti­
cular cartilage (bottom) (H & E x 40).
TABLE II.—F ate of the Transplanted Phalangeal Grafts
Gross observations
Observation time 
(weeks)
No. of 
grafts Normal
Degenerative
changes Destroyed
4- 8 14 5 4 5
12-20 4 0 0 4
26 2 0 0 2
36 4 0 2 2
44 2 0 1 1
Total 26 5 7 14
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the period of maximal subchondral bone 
resorption and minimal new-bone produc­
tion, the grafted articular cartilage (which 
up to this time is normal) began to dete­
riorate.8' '>■ 6 It seems likely that this ulti­
mate deterioration occurred because, in the 
absence of adequate underlying subchon­
dral support, the grafted articular cartilage 
could not withstand the normal mechanical 
forces of joint movement. 1 0  Degenerative 
change in articular cartilage owing to lack 
of subchondral support is a well-known 
complication of aseptic necrosis of bone.
In the present experiment, the small 
amount of subchondral bone of the graft 
became necrotic. The dead trabeculae were 
surrounded by new bone from the host bed 
before they were finally resorbed, by a pro­
cess similar to that by which the trabeculae 
of fracture callus are incorporated into ad­
jacent normal bone. 1 7  Thus, there was no 
sustained period during which the grafted 
articular cartilage was without subchondral 
support. 16
Large synovial villi, more or less bisect­
ing the joint cavity, were found in the suc­
cessful cases in the present experiment. Si­
milar structures were also noted in success­
ful free half-joint transplants8 0 and are 
also present in some of the illustrations in 
the report of Kettlekamp, Kirsch and Ante- 
man. 8 The structures have some resem­
blance to an intra-articular meniscus. It has 
been shown that after transplantation of 
only one component of a joint, incongruity 
is inevitable and leads to abnormal shearing 
forces.8- 0 1 8  Possibly these villi develop 
as intra-articular thrust pads, either as a re­
sult of, or in an attempt to reduce, these 
deleterious forces.
In conclusion, an orthotopic free auto­
genous joint transplant will survive and 
maintain good function, providing certain 
conditions are met. First, the graft must be 
of such a shape that it can be adequately 
fixed into the host bed. Second, there must 
be no prolonged period of inadequate sub­
chondral support for the grafted articular 
cartilage. And lastly, incongruity between 
the two articular surfaces must be within an 
as-yet-unknown limit. The present experi­
ment shows that these conditions can be 
satisfied by using an articular graft of the 
proper shape that contains only a very small 
amount of subchondral bone. It is possible 
that a graft with a larger amount of sub-
Fig. 8.—Photomicrograph of a phalangeal graft 36 weeks after operation. The grafted phalangeal 
articular cartilage (top) shows advanced degenerative change. A large synovial villus bisects the joint 
cavity (H & E x 40).
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chondral bone would also be successful if 
the period of immobilization were suffici­
ently prolonged to permit complete repair 
of this area before joint function was re­
sumed.
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TREATMENT OF ACUTE OSTEOMYELITIS IN CHILDREN 
BY CLOSED-TUBE IRRIGATION: A REASSESSMENT*
R. M. LETTS, MD, MSc, FRCSjCj and E. WONG, MD
Summary: The addition of closed-tube irrigation 
to incision and drainage in the treatment of 
children with acute osteomyelitis has been 
found to be associated with: (a) a rate of tech­
nical complications of 60%, the most common 
complications being leaking and plugging of the 
tube; (b) a 30% rate of superinfection at the 
site of the wound, the most common organism 
being Pseudomonas; and (c) an average post­
operative hospital stay of 30 days compared 
with only 16 days for the patients treated by 
incision and drainage alone. Suction-irrigation in 
the treatment of acute osteomyelitis in children 
does not appear to be essential for successful 
management, and introduces added risks of 
superinfection and technical complications.
*From the Section of Orthopaedics, Health Sci­
ences Children’s Centre, and Shriners’ Hospital 
for Crippled Children, Winnipeg, Man.
Reprint requests to: Dr. R. M. Letts, Orthopaedist - 
in-Chief, Health Sciences Children’s Centre, 685 
Bannatyne Avenue, Winnipeg, Man. R3E 0W1.
Resume: Dans le traitement des cas aigus d'os- 
teomyelite chez I'enfant, le fait d'ajouter I'irri- 
gation par catheter ferme au traitement classi- 
que d'incision et drainage s’est revele generateur 
de complications parmi lesquelles nous citons: 
(a) des complications techniques dans 60% 
des cas, (b ) une surinfection au niveau de la 
plaie (le microorganisme en cause le plus sou- 
vent etant le Pseudomonas), dans 30% des cas 
et (c) une duree d'hospitalisation moyenne de 
30 jours au lieu des 16 jours chez les malades 
simplement traites par incision et drainage, 
(.'irrigation par succion dans le traitement des 
cas qui nous occupent n'est pas, d'apres nous, 
indispensable au succes du traitement et ne fait 
qu'augmenter des risques de surinfection et de 
complications techniques.
Acute osteomyelitis in children continues 
to cause significant morbidity in spite of 
advances in the antimicrobial field.
The treatment of bone infections by the
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instillation of antibiotics directly into the 
wound by means of tubes was first popular­
ized by Compere.1- 2 The irrigation was 
often continued for several weeks. More re­
cently, it has been claimed by Hall and 
Grosfield3 that the duration of this type of 
management could be reduced to only a few 
days. Intermittent closed-tube irrigation1 
and reversal of flow techniques5 have been 
suggested by some clinicians to circumvent
the problems that often arise because of 
plugging of the tubes.
The purpose of such suction-irrigation 
methods is to allow antibiotics to reach areas 
of devitalized tissue that are not perfused 
adequately by the systemic circulation. While 
this concept is tenable in patients with 
chronic osteomyelitis, we have questioned 
the effectiveness of closed-tube irrigation in 
the treatment of children with acute bone in-
TABLE I.—Patients with Acute Osteomyelitis T reated by Incision and D rainage with Con­
comitant Suction-Irrigation
Case Sex
Age
(yrs) S ite
O rganism
cultured
D uration
irrigation
(d) Recurrence
Length of  
h osp ita l­
ization
after operation
(d)
l .G . H.............. M 13 K Distal tibia S. aureus 21 Nil 26
2. G. H.............. F 7 Fibula S. aureus 7 Nil 11
3. D. M .......... F 2K Distal tibia Nil 12 Nil 29
4. R. P.............. F 13 Distal femur S. aureus 11 Nil 25
5. L. G.............. M 13 Distal femur S. aureus 28 Nil 39
6. A. C.............. F 8K Distal ulna Nil 13 Nil 25
7. N. L.............. M 1 3 A Distal tibia Nil 11 Nil 59
8. C. R.............. M M Humerus S. aureus 5 Nil 60
9. T. M............. M 1 Calcaneus Pneumo-
CO CCUS 4 Nil 12
10. C. I................ F 10'A Distal femur S. aureus 40 Recurrence 78
11. J. T ............... M 15 Humerus S. aureus 7 Nil 11
12. M. S............. M 6'A Distal tibia Nil 18 Nil 26
13. G. H.............. M 9 Calcaneus Nil 5 Nil 8
14. K. C.............. M 13 Proximal tibia S. aureus 11 Nil 19
15. D. G.............. F 9 Proximal femur S . aureus 5 Nil 14
16. D. G.............. M 9K Distal femur S. aureus 13 Recurrence 63
17. D. H.............. M 8 lA Proximal tibia S . aureus 14 Nil 21
18. J. C............... M 8 Distal femur S. aureus 7 Nil 19
TABLE II.—Patents with Acute Osteomyelitis T reated by Incision and D rainage Only
Case Sex
Age
(yrs) S ite
Organism
cultured Recurrence
L ength  of 
h osp ita liza tion  
after operation
(d)
1. E. E................................ M 12K Distal tibia S. aureus Nil 18
2. C. B................................ M 8 Fibula S. aureus Nil 11
3. M. A............................... F 1 Distal tibia Nil Nil 20
4. A. S................................. M 12 Distal femur Nil Nil 10
5. R. I)................................ M 13 Distal femur S. aureus Nil 20
6. R. C................................ M 14 Distal ulna S. aureus Nil 12
7. R. I)................................ F 11 Distal tibia S . aureus Nil 12
8. V. J................................. M IK Humerus S. aureus Nil 32
9. C. P................................ F 2 Calcaneus Nil Nil 8
10. D. H................................ F 11 Distal femur Nil Nil 12
11. M. N ............................... F 11 Humerus S. aureus Nil 27
12. D. S................................. M 4 Distal tibia S. aureus Nil 12
13. C. P................................ F 4 Calcaneus Nil Nil 15
14. C. H................................ M 13 Distal tibia S. aureus Nil 23
15. W. J................................ M 15 Proximal femur S. aureus Nil 24
16. W. R............................... M 11 Distal femur S. aureus Nil 14
17. M. S................................ M 7 Distal tibia Nil Recurrence 10
18. H. W............................... M 12 Distal femur Nil Recurrence 22
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fections. Accordingly, we have undertaken a 
re-examination of the treatment of acute 
osteomyelitis in children by this method.
Clinical Material
Eighteen cases of acute osteomyelitis in 
children treated with closed-tube irrigation 
between 1967 and 1971 (Table I) were 
compared with a similar group in which the 
treatment was the same except for the omis­
sion of closed-tube irrigation (Table II). An 
attempt was made to match the controls 
with members of the study group with re­
spect to age and site of osteomyelitis. The 
age range of children in the suction-irriga­
tion group was 3 months to 15 years and of 
the controls, 1 to 15 years; the average in 
both groups was 9 years. The femur and 
the tibia were the most commonly affected 
bones.
The choice of. which patients received 
closed-tube irrigation was made by the or­
thopedic surgeon in charge of the particular 
case. The selection of the two groups was 
facilitated by the division of the staff ortho­
pedists into those who used suction-irrigation 
in the treatment of osteomyelitis and others 
who did not.
All patients received systemic intraven­
ous antibiotics at the maximum dosages rec­
ommended for the weight of the child for a 
minimum of 2 weeks, and oral antibiotics 
thereafter for varying periods of time. When 
closed-tube irrigation was used, the irrigating 
solution contained an antibiotic. The anti­
biotic administered initially was penicillin, 
methicillin or cloxacillin. Another antibiotic 
had to be substituted in five cases owing to 
changes in sensitivity of the organisms dur­
ing treatment, or because of superinfection.
In all but one of the cases from which a 
positive bacterial culture was obtained the 
organism was Staphylococcus aureus and 
this was penicillin-resistant in 15 of the 23 
cases (68%). From 12 patients (33%) no 
organisms were cultured.
The duration of treatment with closed- 
tube irrigation varied from 4 to 40 days 
and averaged 13.5 days. It was discontinued 
in seven children because of technical com­
plications with the tubing, in five when no 
organisms were cultured from the outflow 
tubing. In another six patients the reason for 
removing the tubing, apart from clinical im­
provement of the child, was not stated.
Technical Complications
Technical complications arose in 13 of 
the 18 children in whom closed-tube irriga­
tion was used. The most common of these
TABLE III .—Technical Complications Associated with Suction- I rrigation System
Complication
Average no. of days 
after operation
No. of 
patients
No. of cases requiring 
discontinuation of irrigation
Leaking............................................... 7H 8 4
Plugged tube............................ i ' i 9 2
Tube pulled o u t...................... .......... 12 3 1
Swelling.................................... .......... \Y i 2 0
No complications.................... 5 0
TABLE IV.—Bacteriology of Superinfections in Children T reated with Suction-Irrigation
Days after 
operation Organism(s) cultured from drainage flu id  Blood culture
Technical problems with 
irrigation
7 Candida albicans Negative None
4 Non-lactose fermenting gram-negative bacilli Negative None
3, 4* Pseudomonas pyocyanea Negative None
10* Candida albicans Negative Tube pulled out and 
reinserted later
8, 10, 11* Herellea Negative Leaking
7* Pseudomonas, E. coli and Aerobacter aerogenes Negative None
15* Pseudomonas Negative None
7. 8 Negative Klebsiella None
14 E . coli Negative Plugged tube
“Patients with multiple superinfections.
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were leaking around the tubing and plug­
ging of the tubing (Table III). The tubing 
was pulled out, partially or completely, in 
three patients, in one instance by a curious 
neighbour patient. In only five were no com­
plications of the irrigation system encoun­
tered.
Of much more serious concern was the 
development of superinfection in 6 of the 
18 patients. This was not necessarily asso­
ciated with technical problems with the irri­
gation, as superinfections also occurred in 
some patients without technical difficulties 
(Table IV). The organism most commonly 
isolated in cases of superinfection was Pseu­
domonas. The blood culture was negative 
in five of the six patients. In one child Kleb­
siella was grown from blood culture while 
drainage-fluid culture was negative. Syste­
mic symptoms from these superinfections 
appeared to be minimal and in only one pa­
tient was there a recurrence of high fever 
with chills; this subsided after discontinu­
ing the irrigation and treatment with the ap­
propriate antibiotic.
The length of postoperative hospitaliza­
tion of the patients treated with closed-tube 
irrigation averaged 30 days. Those treated 
only with incision and drainage averaged 16 
days (Tables I and II).
Although the postoperative follow-up of 
these patients ranged from 2 to 5 years, 
only two documented recurrences were noted 
in both groups.
D iscussion
It was our object to appraise the effective­
ness of suction-irrigation as an adjunct to in­
cision and decompression of infected bone 
in cases of acute osteomyelitis in children. 
There may have been some tendency for the 
surgeon to select the children with more 
extensive bone involvement for closed-tube 
irrigation. This was not apparent, however, 
from a retrospective review of the radio­
graphs. Moreover, in the two groups that 
were analyzed, the severity of the infection 
was comparable as shown by the opinion 
of the clinicians involved that surgical de­
compression and drainage were indicated in 
all the patients. Our results suggest that we 
should revise the status of this method of
treatment in children with acute osteomye­
litis.
It must be emphasized that closed-tube 
irrigation is an excellent method of treating 
chronic osteomyelitis. The presence of de­
vitalized bone and soft tissue with associated 
scarring and fibrosis is much more adequate­
ly dealt with by this technique.
The complications of closed-tube irriga­
tion, both technical and due to superinfec­
tions, are highly disconcerting. The prob­
lems of leakage and plugging of the tubing 
can perhaps be avoided or minimized by 
using intermittent irrigation (not resorted to 
in the patients under study). On the other 
hand, superinfections were encountered in 
patients with no complications attributable 
to the tubes.
It is noteworthy that the children treated 
with closed-tube irrigation required a period 
of postoperative hospitalization almost twice 
as long as that of the control group.
Finally, although both groups of children 
required open incision and drainage of the 
osteomyelitic area, the recurrence rate for 
the two groups did not differ.
It appears from this review that the end 
result of treatment of acute osteomyelitis 
with closed-tube irrigation is little different 
from that of simple incision and drainage, 
and antibiotics. However, on the basis of 
longer hospitalization and the dangers of 
technical complications, it is questionable 
whether the addition of closed-tube irriga­
tion in the treatment of acute osteomyelitis 
is really justified.
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BILE ASPIRATION: AN EXPERIMENTAL STUDY IN RABBITS*
R. D. HENDERSON, MB, FRCS[C], K. FUNG, MD, J. B. CULLEN, MD, FRCPfC], 
E. N. C. MILNE, MB, FRCP[C] and G. MARRYATT, RNA
Summary: It has been shown that bile injected 
intratracheally in rabbits produces severe pulmo­
nary edema, atelectasis, and focal hemorrhages. 
The authors investigated the effect of a number 
of solutions, including physiological concentra­
tions of bile, hydrochloric acid pH 1.0, bile salt 
diluted to 1%, and bile at 100% concentrations. 
Whenever the bile concentration exceeded 3%, 
none of the test animals survived.
It is not possible to apply directly the results 
of an experimental animal study to humans. 
However, the severity of the pulmonary changes 
produced force the conclusion that bile is a 
potentially dangerous aspirate in humans.
Resume: Cette experience a montre que la bile 
injectee dans la trachee de lapins provoque un 
oedeme pulmonaire severe, de I'atelectasie et 
des hemorragies focales. Les auteurs ont etudie 
I'effet d'un certain nombre de solutions, parmi 
lesquelles des concentrations physiologiques de 
bile, des solutions d'acide chlorhydrique au pH 
de 1.0, des sets biliaires dilues a 1% et de la 
bile a concentration maximum (100%). Dans les 
cas ou la concentration biiiaire depassait 3%, 
aucun des animaux d'experience n'a survecu.
II est evidemment impossible de transposer 
directement de I'animal a I'homme les resultats 
d'une experience. Toutefois, la severite des le­
sions pulmonaires constatees nous force a con- 
clure que la bile qui penetre accidentellement 
dans les voies respiratoires est pleine de dan­
ger pour I'homme.
A spiration  as a cause of acute and chronic 
respiratory disease is being recognized more 
frequently. It is of particular importance in 
hiatus hernias because of the reflux that 
can occur during anesthesia or suppressed 
consciousness1 and as a cause of death and 
debility in critically ill patients.2'4 In 1946 
Mendelson5 described its clinicopathologic 
features and demonstrated the importance of 
the acidity of the aspirate in determining the 
severity of lung damage.
*From the Toronto General Hospital, Toronto, 
Ont.
Supported by Ontario Cancer Treatment and 
Research Foundation, Grant 235.
Reprint requests to: Dr. R. D. Henderson, Room 
139, University Wing, Toronto General Hospital, 
Toronto, Ont. M5G 1L7.
Various studies have been done on hu­
mans and animals to determine the effects 
of aspiration. The general pattern of clinical 
investigation has been to document its inci­
dence in certain clinical states, or to show 
the lethal nature of aspiration pneumonia, 
once established.0 There are human studies 
that correlate a low pH 7 of the aspirate with 
increased severity of the aspiration pneu­
monia.
Various aspirates have been studied ex­
perimentally in animals, including gastric 
juice, milk and solid food particles. The 
lethal nature of hydrochloric acid (HC1), pH 
1.0, noted in animal studies, has been con­
firmed by human study.8' 10 There have 
been no studies of the effects of bile or bile 
acids on the lungs.
The importance of bile has been demon­
strated in the production of gastritis and 
esophagitis.11 13 Bile clearly can be a com­
ponent part of vomited or refluxed gastric 
content and, as such, its effect as an aspirate 
on lung requires further study.
The present study was designed to deter­
mine the effects of bile, bile salts, decinor- 
mal HC1 and various mixtures of these 
substances upon the rabbit lung. It was 
hoped that from this study it could be seen 
whether or not bile can be of clinical signifi­
cance as a component of aspirated liquid.
M aterials and  M ethods
One hundred and sixty-five rabbits of 
both sexes, weighing 2 to 4.5 kg, were used. 
They were divided into six groups (Table I) 
to allow study of the different aspirates. The 
aspirates given were various concentrations 
of HC1 and of dog’s bile, sodium taurochol- 
ate and glycholate in 0.5 and 1 % solutions, 
and various mixtures of bile and bile salts in 
which the pH was regulated by adding HC1. 
Control studies were done to determine the 
effect of ether anesthesia, of saline, and of 
demineralized water on the rabbit lungs.
The rabbits were anesthetized with ether, 
a small incision was made to expose the tra­
chea, then a bolus of the test solution, 3 
ml/kg body weight, was injected intratra-
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cheally with the animal held in the 45° 
head-up position.
The rabbits were then observed for 24 
hours and their respiratory condition was 
documented. The surviving rabbits had a 
chest radiograph at 1 hour and 24 hours 
after injection of the bolus. Survival was 
documented as being less than 1 hour, 
less than 24 hours, or sacrificed at 24 hours. 
An autopsy was performed on all the ani­
mals, their lungs were weighed, examined, 
and photographed macroscopically, and 
then representative sections were examined 
histologically by a pathologist to whom the 
type of injection given was unknown.
Hydrochloric acid used in the study was 
obtained from Fisher Scientific Co. Ltd. 
and diluted to the appropriate pH with 
sterile demineralized water. Sodium tauro- 
cholate and glycholate were obtained from 
Sigma Chemical Company. Bile was col­
lected as required from cholecystic fistulas 
created in dogs; for these agents also 
sterile demineralized water was used as the 
diluent. The concentration of bile acids is 
similar in dogs and rabbits.
R esults
Analysis of the data shows that the effect 
of the aspirate is best indicated by the 
mortality in the experimental animals. 
Radiological and pathological findings are 
of supportive value but do not give as clear 
a definition.
Survival Studies
Group I .—The control studies on 15 rab­
bits were as follows: sacrifice of normal 
rabbits; ether anesthesia without aspiration; 
ether anesthesia with injections of saline or 
of demineralized water. All animals in this
group survived 24 hours and were clinically 
well when sacrificed (Fig. 1).
Group II .—-Bile was injected in one of 
various concentrations (100% , 50% , 25% , 
12% and 6% ) in 36 rabbits. Thirty-five 
animals died in acute respiratory distress 
within 1 hour and the remaining rabbit 
died within 24 hours. When an injection of 
3% bile was given in six rabbits, two died 
within 1 hour and one within 24 hours; 
the other three survived. When a 1.5% 
bile solution was used all six test animals 
survived 24 hours (Fig. 1).
Group III .— The effect of HC1 injections 
was studied. Using solutions of pH 3.0 or 
pH 2.0 all nine rabbits survived 24 hours. 
When the pH was 1.5 or 1.0, 3 of 12 rabbits 
died within 1 hour, 4 died in 24 hours, and 
5 survived, but the survivors were all in 
severe respiratory distress at the time of 
sacrifice at 24 hours (Fig. 2).
Group IV .— In this group a fixed con­
centration of bile was used and the pH of 
the injection was varied by adding HC1. 
Using 100% bile at pH 7.0, 5.8 and 1.5 in 
nine rabbits, all the animals died; seven 
died within 1 hour and the other two 
within 24 hours. The result was to be ex­
pected from the results in Group II. With 
1.5% bile at pH 3.0, 2.0, 1.5 and 1.0 the 
lethality of the injection became greater as 
the pH fell. All six rabbits in the pH 3.0 
and 2.0 groups survived. In the pH 1.0 
and pH 1.5 groups all the animals died, one 
in 1 hour and eight within 24 hours (Fig. 2).
Group V .— The effect of sodium tauro- 
cholate and sodium glycholate was studied 
in 1% and 0.5% solutions, which are the 
physiological concentrations of these bile 
salts in rabbits. Sodium taurocholate 1% 
killed six of nine rabbits; one died within
TABLE I —R abbit Groups* and T est Solutions
Group
Details of test 
solution
I I
{N = 48)
I I I
(N  = 21)
I V
(N  = 24)
V
(N  = 30)
V I
(N  = 27)
Constituent Bile HC1 Bile 1. Na taurocholate 1. Na taurocholate
(100 to 1.5%) (N/10) (100%,
various
acidifications)
(1 and 0.5%)
2. Na glycholate 
(1 and 0.5%)
(1% , acidified) 
2. Na glycholate 
(1%, acidified)
pH 6.5-8.2 1.0-3.0 1.0-7.0 7.8-9.2 1.5-6.0
*Group I was control group.
•  increases the 
chances of survival in 
acute pancreatitis
•  prevents the 
enzymatic release of 
toxic polypeptides 
and kinins
•  stops 
hyperfibrinolytic 
hemorrhage
FBA Pharmaceuticals Ltd.
Distributed by:
Boehringer Ingelheim (Canada) Ltd. 
Dorval, P.Q. H9P1J3
FBA-18-74
indications and Dosage
Pancreatitis
Initial dosage: 100,000 — 200,000 K.I.U. to be followed by 100,000 
K.I.U. every six hours for a period of 4-5 days. The drug is admin­
istered either by intravenous injection (at a rate not to exceed 5 ml 
per minute) or by slow infusion.
Hyperfibrinolytic Hemorrhage
Initial dosage: 200,000 — 500,000 K.I.U. of which 200,000 K.I.U. 
should be given by intravenous injection (at a rate not to exceed 5 ml 
per minute), the rest if necessary by slow infusion. Administration 
should be continued up to 1,000,000 K.I.U. per day until the hemor­
rhage has been arrested.
Warnings and Precautions
Trasylol is a polypeptide and thus may act as an antigen. A lthoi 
adverse reactions due to hypersensitivity have been describe . 
infrequently, this possibility should always be kept in mind. In pt, 
tients with a history of hypersensitivity, the usual precautions for the 
prevention and arrest of allergic reactions should be observed prio' 
to the administration of Trasylol.
Availability
Trasylol (aprotinin) is available in 10 ml ampuls containing 100 
K.I.U. in boxes of 5 ampuls.
Trasylol® Product Monograph is available on request.
A
■A
• A
V
V

68 TH E C A N A D IA N  JO U R N A L  OF SURG ERY Vol. 18
1 hour and five within 24 hours. Sodium 
taurocholate 0.5% was given in six rabbits, 
all of whom survived. Sodium glycholate 
1% given in nine rabbits killed five; three 
died in 1 hour and two within 24 hours. 
Sodium glycholate 0.5% given in six rab­
bits killed four; one died in 1 hour and 
three within 24 hours (Fig. 3).
Group V I .— In this group 1% solutions 
of sodium glycholate and sodium taurocho­
late were acidified to determine whether or 
not acidification potentiated the effect of 
the bile salts. With sodium taurocholate 1% 
at pH 6.0 all three test animals died within 
1 hour. At pH 4.0 all rabbits survived. 
With sodium taurocholate at pH 2.0, one 
rabbit died at 24 hours and two survived. 
When a pH 1.5 solution was used all rab­
bits died, two in the first hour and one with­
in 24 hours. The mortality pattern was the 
same with sodium glycholate. At pH 6.0 
one rabbit died within 1 hour, one within 
24 hours and one survived. At pH 4.0 all 
three rabbits survived. With pH 2.0 two 
died within 1 hour and one survived. 
With pH 1.5 one died within 1 hour and two 
within 24 hours; there were no survivors 
(Fig. 4).
GROUP I  K S  No Deaths ■■ Died I hr L _ J  Died 24hrs
Fig. 1.—Group I was tested with ether anesthe­
sia alone, and with injections of saline and de­
mineralized water. There was no mortality. Group 
II was tested with varying concentrations of bile.
Radiological and Pathological Studies
In order to quantitate the radiological and 
pathological findings, these were classified in 
stages as follows (upper case letter applies 
to pathological, lower case to radiological 
changes): stage A, a—no change noted; 
stage B, b— early and mild changes; stage C, 
c—moderate bilateral changes; stage D, d— 
bilateral severe changes.
The lungs of the rabbits were weighed, but 
the weights correlated poorly with the path­
ological changes.
Radiological changes of significance were 
present in all but the control rabbits. In the 
control group no radiological change was 
seen, except in the three rabbits in which an 
injection of demineralized sterile water was 
given; in these animals the changes were 
classified as stage b.
All the other animals in Groups II to VI 
exhibited stage c or stage d changes at 1 
hour; these were more severe at 24 hours 
if they survived. The radiological changes 
were not significantly different in the rab­
bits which survived from those which died 
within 24 hours of receiving the injection.
Gross pathological changes in the control
Fig. 2.—The mortality rates in Group III rab­
bits (injections of HC1 of varying pH) and 
Group IV rabbits (injections of bile of various 
acidities).
GROUP V  -  Bile Sa lts
| No Deaths I Died I hr E H  Died 24 hrs
Fig. 3.—Mortality rates in Group V rabbits who 
received tracheal injections of 1% and 0.5% so­
dium taurocholate and sodium glycholate.
GROUP 21  -  Acidified Bile Salts 
1% Taurocholate pH 1.5 8  6 
1% Taurocholate pH 2 - 4  
1% Glycholate pH 1.5 8  6 
1% Glycholate pH 2 - 4
Died I hr r~~l Died 24hrs
100%
Fig. 4.—Mortality rates of Group VI rabbits 
with tracheal injections of acidified sodium tauro­
cholate and sodium glycholate.
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rabbits were very slight or absent (stage A 
or stage B).
Stage B or stage C pathological change 
was present in groups in which most or all 
rabbits survived 24 hours. These changes 
were noted in the rabbits that received one 
of the following injections: HC1 pH 3.0 or 
lower; bile 3% and 1.5%; sodium glycho- 
late and taurocholate 0.5% ; and sodium 
glycholate and taurocholate pH 4.0.
The more severe pathological changes, 
stage C and stage D, were present in the 
groups with a high mortality, viz. those that 
received one of the following: HC1, pH 1.0 
and 1.5; bile 100% to 6%; bile 1.5%, pH
1.0 and pH 1.5; sodium taurocholate 1%, 
pH 1.5 ; and sodium glycholate 1%, pH 1.5.
Microscopy did not distinguish between 
the types of injection. Examination of the 
rabbits’ lungs showed edema, hemorrhage 
and atelectasis with very little cellular in­
filtrate.
D iscussion
Survival of the rabbits provided the most 
accurate assessment of the effect of the in­
jected solution. Radiological and pathologic­
al studies supplemented the data collected 
but did not distinguish as clearly between 
the results of injection of the various solu­
tions.
Hydrochloric acid in the pH range of
1.0 to 1.5 produced a high mortality. This 
was to be expected from previously reported 
studies of hydrochloric acid of pH within 
this range in a dose of 3 ml/kg.
The effect of bile in concentrations of 
100% to 6% in a volume of 3 ml/kg was 
very severe, proving lethal to all subjects.
Some potentiating effect was produced 
by combining bile and hydrochloric acid in 
that the mortality was greater with the com­
bination than with the individual solutions.
Bile salts in 1 % and 0.5 % solutions pro­
duced a significant mortality but their effect 
was less than that of the pure bile.
It is not possible to extrapolate data from 
a study on rabbits to the clinical situation. 
Accepting this limitation, the effect of the 
aspiration of bile indicates the necessity for 
further human studies to determine whether 
the bile concentration in aspirates is of im­
portance. If bile is as lethal to humans as 
it is to rabbits, then it would be worth not­
ing its presence in gastric samples obtained 
at operation, or in those from cases where 
aspiration has occurred, as a guide to clin­
ical management.
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“Bacteroides species are often over­
looked as a cause of serious infec­
tion both by clinicians and micro­
biologists. They are most commonly 
associated with intra-abdominal 
and pelvic sepsis following gastro­
intestinal surgery.”
Tracy, 0 .,et al.(29 Jan.’72).
Brit. med. J.,p.280.
“Our experience with this series of seriously 
ill patients provides clinical confirmation to 
complement recent in vitro evidence that 
clindamycin is the antibiotic of choice for 
use in bacteroides infections. Not only was 
the response in 17 of the 18 patients favour­
able, but in several it was dramatic.”
Haldane, E. V. and van Rooyen, C. E. (1972).
C.M.A.J.,p.1177.
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SURGICAL SELF-SCRUTINY
In the view of Professor R. Y. Caine, of Cam­
bridge, England, surgeons must not shy away 
from self-scrutiny. “If no-one else will criticise 
our work objectively,” Caine writes, “then we 
must judge ourselves and attempt to correct 
recognisable faults”. Perhaps this is more of a 
problem for British than Canadian or Ameri­
can surgeons, for the hierarchical structure of 
the medical profession is more in evidence in 
Great Britain than in North America, but 
Caine’s message is surely addressed to all 
surgeons: “a surgeon may spend his whole life 
making poor judgments and operating badly 
with an unacceptably high morbidity and mor­
tality, and remain unaware that his work is 
below par”.
Three areas are of particular concern. One 
is misplaced individualism: “surgeons seem to 
have a built-in reluctance to refer cases to their 
colleagues . . . (even) when a nearby hospital, 
or even his own institution, contains an ex­
pert . . The author, in fact, sees the practice 
of requesting the advice of a colleague as a 
mark of strength rather than weakness. A sec­
ond area of concern is the way surgical skill 
is measured by a surgeon’s ability to move 
faster than the hands of a clock: “I wonder,” 
asks Caine, “how many common bileducts have 
been cut simply because the surgeon presumed 
that he could always remove a gallbladder in 
less than half an hour.” The third area Caine 
deals with is the decision to operate. Here the 
author takes a holistic view: “the surgeon must 
not divorce the surgical procedure from the 
patient as an individual". The patient’s future 
without surgery vis-a-vis the prognosis after 
surgery, the patient’s fears of surgery, the risk 
of death and the probable chance of morbidity, 
and the patient’s own approach to his illness 
are all factors the surgeon must consider. This 
is the stuff of self-scrutiny, a sine qua non that 
the surgeon must never fail to recognize.— 
C a l n e  RY: Surgical self-scrutiny. Lancet 2: 
1308, 1974.
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STUDIES ON THE RELATIONSHIP BETWEEN THE EQUILIBRIUM 
CURVE OF OXYHEMOGLOBIN AND 2,3-DIPHOSPHOGLYCERATE 
IN OPEN-HEART SURGERY*
M. F. X. GLYNN, MD, DPhil(Oxon), MRCP(Lond), MCPath(Lond) and 
F. CORNHILL, BSc
With the technical assistance of J. Dahley and T. Denton, MSc
Summary: The relationship between decreased 
oxygen affinity of hemoglobin and intraerythro­
cyte 2,3-diphosphoglycerate (2,3 DPG) concen­
tration was confirmed and its existence during 
the period of open-heart surgery was demons- 
strated. It is suggested that the trauma sustained 
by the erythrocytes during their extracorporeal 
circulation is responsible, in large measure, for 
the decrease in 2,3 DPG concentration.
Resume: Nous avons pu confirmer la relation ex- 
istant entre la diminution de I'affinite de I'oxy- 
gene pour I'hemoglobine et la concentration 
intra-erythrocytaire du 2,3-diphosphoglycerate 
(2,3 DPG). Nous avons egalement prouve son 
existence durant les operations a coeur ouvert. 
II est permis de croire qu'on peut, dans une lar­
ge mesure, attribuer au trauma auquel sont sou- 
misles erythrocytes au cours de leur circulation 
extracorporelle, la diminution de la concentration 
en 2,3 DPG.
A n  adequate supply of oxygen is needed in 
the tissues to sustain aerobic metabolism. In 
patients undergoing cardiac surgery, circula­
tion and oxygenation are maintained by ex­
tracorporeal devices. If sufficient oxygen 
can thereby be presented to an adequate 
level of circulating erythrocytes, the limiting 
factors of tissue oxygenation and hence cel­
lular metabolism are the position and con­
figuration of the oxyhemoglobin dissociation 
or equilibrium curve. Many variables affect 
the location and slope of this sigmoid-shaped 
curve among which are pH, temperature, 
concentration of 2,3-diphosphoglycerate 
(2,3 DPG) in the red cell, and structure of 
the hemoglobin molecule.1;i The interac­
tion of hemoglobin in the erythrocyte with 
intracellular 2,3 DPG is of major impor­
tance. A decrease in 2,3 DPG shifts the oxy-
*From the Hansen Laboratory of the Nuffield 
Department of Surgery, and the Gibson Labora­
tory, Radcliffe Infirmary, Oxford, England.
Reprint requests to: Dr. M. F. X. Glynn, Depart­
ment of Hematology, Toronto General Hospital, 
Toronto, Ont. M5G 1L7.
hemoglobin dissociation curve to the left; 
in particular it decreases the midpoint or 
the partial pressure of oxygen at which 
hemoglobin is 50% saturated with oxygen 
(P5o), indicating an increased affinity of 
hemoglobin for oxygen. This reluctance of 
hemoglobin to unload its oxygen would 
aggravate poor tissue oxygenation brought 
about by any circulatory insufficiency or 
inadequate hemoglobin mass.
It has been reported that the decrease in 
P50 observed in patients during cardiac 
surgery is unrelated to the decrease in 2,3 
DPG.4 Other investigators have correlated 
P50 with 2,3 DPG levels in postoperative 
cardiac patients.5 Because of the impor­
tance of P50 in many clinical states, we de­
cided to examine as closely as possible the 
relationship between Pr>0 and 2,3 DPG in 
patients who were undergoing cardiac sur­
gery and who were sustained by extracorpo­
real circulation and oxygenation.
M a t e r ia l s  a n d  M e t h o d s
The IL 217 blood gas laboratory (In­
strument Laboratories, Altrincham, Che­
shire, England) for P50 determination was 
made available to us for 3 weeks. In our 
department during this time every patient 
who underwent cardiac surgery with util­
ization of extracorporeal circulation was 
studied. The extracorporeal pump was a 
Sarns roller pump (Travenol Laboratories, 
Morton Grove, 111.), and the oxygenators 
were Temptrol blood oxygenators (Bentley 
Laboratories, Irvine, Calif.). Portex tubing 
connected the pump to the patient. The vol­
ume (prime) required to fill the pump, oxy­
genator, and tubing was varied with each pa­
tient. This volume was composed of a mix­
ture of fresh whole blood (less than 24 hours 
after venesection), Hartmann’s solution and 
other intravenous solutions. The relative 
amounts of each were determined, after tak­
ing into account the acid-base and fluid
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balance of the patient as well as the pre­
operative level of hemoglobin. Flows from 
the pump to the patient were maintained at 
rates (1/min) calculated in terms of the for­
mula: 2.5 x body surface area in metres2. 
These data are recorded in Table I.
The affinity of hemoglobin for oxygen 
was measured by calculating the P50. A 5- 
ml blood sample containing heparin (1 unit/ 
ml) for anticoagulation was placed in a glass 
cuvette and then enclosed in an IL 237 to­
nometer at 37°C. By an intermittent rota­
tion of the cuvette, the sample of blood was 
equilibrated with gas at given oxygen tension. 
By centrifugal force, this rotation formed a 
thin film of blood on the side of the cuvette 
which was bathed with the ambient gas. 
When the rotation was stopped, the film 
dropped and mixed with the remainder of 
the sample. The intermittent rotation and 
mixing were continued for 115 minutes. 
After equilibration, pH, Pco2 and Po2 were 
measured with an IL 213 blood-gas analyzer, 
and the hemoglobin, oxygen saturation and 
carboxyhemoglobin (percentage of the total 
hemoglobin) with an IL 182 CO-Oximeter. 
This procedure was performed on three ali­
quots of the sample, each at a different oxy­
gen tension. After correction for deviations 
of pH from 7.4,and base excess deviations 
from zero,6 the oxygen tension was plotted 
against percentage of oxyhemoglobin on the
IL P30 worksheet. Measurements of hemo­
globin saturation with oxygen were made 
over a range from 30% to 66%. A test for 
linear correlation between percentage oxy­
hemoglobin and Pt>2 was carried out; cor­
relation coefficients and constants were cal­
culated according to Snedecor and Cochran.7 
The values for P50 were then calculated.
We measured 2,3 DPG according to the 
technique of Keitt.8 The precision of the 
method with paired samples analyzed in tri­
plicate was 10%. The recovery of added 2,3 
DPG was greater than 90% in test solutions.
Plasma hemoglobin was measured ac­
cording to the method of Crosby and Furth.'1 
As with all cardiac surgical patients, blood 
hydrogen ion concentration was maintained 
at pH 7.4 ±  0.1 throughout the procedure.
Results
The percentage oxyhemoglobin and Po2 
relation over the range studied was found to 
be linear with correlation coefficients be­
tween 0.93 and 1.00. The values obtained 
for P50 and 2,3 DPG are set forth in Table 
II. The data are grouped in intervals of 60 
minutes. The mean, standard error of the 
mean, and the number of samples are indi­
cated for each interval. The P 50 decreased 
significantly (P < 0.01) directly extracor­
poreal circulation was begun, i.e. the
TABLE I.—D etails of P atients and I ntravenous Solutions Administered During E xtracorporeal C irculation
P a t ie n t S e x
A g e
(y e a r s ) S u r g ic a l  p r o c e d u re
C a lc u la te d  f l o w  
( l / m i n )
O x y g e n a te
d
rr p r im e
W h o le  b lood  
a d d e d  d u r in g  
e x tra c o rp o re a l  
c ir c u la tio n
(/)
H a r tm a n n 's  
s o lu t io n
S o d i u m  b i­
c a rb o n a te
( 4 .2 % )
G lu c o se
( 5 % )
W h o le
b lood T o ta l
1 F 49 M itra l valve 
replacem ent 3.8 2.00 0.10 0.04 — 2.14 2.0
2 M 6 C orrection  of 
ven tricu lar septal 
defect 1.8 1.00 0.08 _, 0.50 1.58 0.5
3 M 35 M itra l valve 
replacem ent 4.5 2.00 0.10 0.04 — 2.14 2.5
4 M 58 Excision of ven­
tricu la r aneurysm 3.9 2.00 0.10 0.04 — 2.14 3.0
5 F 14 d Correction of 
te tra logy  of 
F allo t 0.2 2.00 0.10 0.04 __ 2.14 _
6 M 38 A ortic valve 
replacem ent 4.8 1.00 0.08 — 0.50 1.58 4.0
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TABLE II.—P5o and 2.3 DPG During E xtracorporeal Circulation
Control
(pre-bypass) 0-60 min 61-120 min 121-180 min
Post-bypass 
(0-15 min)
P50 26.8 ±  0.5 24.3 ±  0.7 23.9 ±  1.0 23.7 ±  0.4 24.3 ±  1.3
(mm Hg) (7) (6) (6) (2) (4)
2, 3 DPG 4.1 ±  0.2 2.8 ±  0.4 2.7 ±  0.3 2.3 db 0.1 2.7 db 0.4
(mmol/1 RBC) (7) l6) (6) (2) (4)
Figures in parentheses indicate number of samples analyzed during the interval.
x  v 
v
y
y
r
x
y
r
a
oxygen dissociation curve was displaced to 
the left. There was no additional significant 
decrease in P50 for the duration of extra­
corporeal circulation. The correlation co­
efficient (r) between P50 and time was found 
to be 0.082 (Fig. 1), indicating no significant 
time dependence. Similarly, the 2,3 DPG 
levels dropped sharply (P < 0.01) when ex­
tracorporeal circulation was begun. The cor­
relation coefficient (r) between 2,3 DPG and 
time was found to be 0.079 (Fig. 2), indicat­
ing no significant time dependence.
The correlation coefficient between P50 
and 2,3 DPG was 0.654 indicating a signi-
30 r
x
ficant correlation at the 1% level (P <  0.01) 
(Fig. 3).
Hemoglobin free in the plasma was meas­
ured before a sample was delivered into the 
cuvette and again after the blood had under­
gone tonometry (Table III). The differences
TABLE III.—H emoglobin F ree in  the P lasma 
Before and After T onometry
Difference in 
plasma hemoglobin 
Sample number (mg/dl plasma)
1..................................
2 ..................................
3  ......................................
4  ......................................
5  ......................................
6  ................................
7 .........................................
Mean plasma hemoglobin
before tonom etry..............
Mean plasma hemoglobin
after tonometry................
Paired “t ” te s t..................
+  6.5 
+  17.0 
+  3.0
-  3.0
-  7.6
-  17.0 
+  9.1
114.4 ±  17.1
115.5 ±  18.3
t =  0.25, P  >  0.5
1 5  *—
0
r ■ 0. 082 
p > 0. 05
J_________________I_________________I
(0 120 180
PERIOD OF EXTRACORPOREAL CIRCULATION (mini
Fig. 1. —Correlation coefficient between P50 and 
time.
5 . 0
•
CO 4 .  0 -
•
• •
ax
3 . 0 - •  • *
>
E •
2 . 0 -
o_
0
- t 1.0 r  ■ 0 . 0 7 9
p  > 0 .  0 5
■i 0
1 1 1
r  v
0 6 0 1 2 0
PERIOD OF EXTRACORPOREAL CIRCULATION (mini
Fig. 2.—Correlation coefficient between 2,3 
DPG and time.
RED CELL 2-3 DPG <m m olesflltre RBCI
Fig. 3. —Correlation coefficient between P50 and 
2,3 DPG.
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before and after tonometry were not con­
sistent (Table III). A sign test6 incorporat­
ing the x2 distribution indicates x2 = 0, i.e. 
the differences were probably due to chance 
rather than to any deterministic factor as­
sociated with tonometry. The mean values 
of free hemoglobin and one standard error 
of the mean, before and after tonometry, are 
shown in Table III; the difference, analyzed 
with a paired “t” test,7 is insignificant (t =  
0.25, P >  0.5).
D iscussion
The results indicate that in patients un­
dergoing cardiac surgery and who are sus­
tained with extracorporeal circulation and 
oxygenation the P50 and 2,3 DPG content 
of the blood fall early and not progressive­
ly with time. It is established that the red 
cell content of 2,3 DPG is a determinant of 
the affinity of hemoglobin for oxygen, i.e. 
the oxyhemoglobin dissociation curve is 
shifted to the left and hence the P50 de­
creases. In erythrolysates a 5% decrease in 
2,3 DPG results in a decrease in P50 of 0.4 
mm Hg. However, the existence of free he­
moglobin from hemolysis during extracorp­
oreal circulation (which decreases P50) and 
the relative acidemia (which increases P50) 
of the patients serve to modify the effect of 
the 2,3 DPG alone.
Young, Lichtman and Cohen5 have 
shown that P50 and 2,3 DPG are correlated 
before and after cardiac surgery. Our re­
sults extend this correlation to the period 
of surgery itself. Borduik et al4 did not find 
this correlation. They attributed the lack of 
correlation to a decrease in intracellular pH 
in the erythrocytes and suggested that intra­
cellular acidosis shifted the oxyhemoglobin 
dissociation curve to the right, thereby mask­
ing the effect of the decreased 2,3 DPG. 
Intracellular pH was not measured by 
Young or by ourselves. Possible explana­
tions of the difference in results between the 
two groups are the types of intracorporeal 
circulation apparatus and oxygenators used 
as well as methodology, in particular tono­
metry.
The explanation for the sharp drop in 
P50 and in 2,3 DPG at the onset of extra­
corporeal circulation, but with little further 
decrease throughout the surgical procedure,
is not clear. One possibility is that the sud­
den trauma imposed by the extracorporeal 
circulation and oxygenation apparatus dam­
ages the membrane of the erythrocytes. This 
damage need not be in every case so severe 
as to result in withdrawal of the red cells 
from the circulation. However, it could 
bring about an immediate loss of some of 
the intracellular contents as well as an im­
pairment of intracellular metabolism, such 
as to prevent a rapid recovery of the ability 
to resynthesize the substances lost. The 
morphological changes4 and the decrease 
in the erythrocyte adenosine triphosphate 
levels found after bypass surgery5 support 
this notion of a leaky erythrocyte.
That these levels do not change signifi­
cantly despite the infusion of fresh whole 
blood during the operation is because these 
fresh cells have to undergo the same trauma 
of the extracorporeal circuit.
Finally, it appears that tonometry in the 
IL apparatus causes little or no hemolysis. 
Normally, the concentration of plasma hemo­
globin is only about 1 % that of the red cells 
and therefore would be expected to have 
little bearing on the measurement of P50. 
However, if the apparatus itself were to pro­
duce hemolysis during mixing, significant 
amounts of free hemoglobin would be re­
leased into the plasma. This is of special im­
portance, since the dissociation curve for 
free hemoglobin, which is to the left of that 
for hemoglobin within red cells,3 could ob­
scure the true P50.
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• preserves 
lysosome and 
cell membranes, 
thereby preventing 
the release of destruc­
tive lysosomal enzymes3
• preserves p la te le ts 
thereby reducing the risk
of intravascular coagulation1
• preserves leukocyte  in­
tegrity thereby helping to main­
tain the pulmonary arch itecture1
solu-Medroi
helps reduce 
pulmonary 
damage 
and increase 
survival rates
The recovery of patients in shock 
is often complicated by a pattern of 
de teriora ting  pu lm onary function. 
Th is pu lm onary in su ffic ien cy  p ro ­
gresses despite restoration of haemo­
dynamic balance and apparent stab ili­
zation of the acute episode.
Under conditions of prolonged shock, 
lack  of oxygen at the ce llu la r  level 
causes alterations in the oxygen-carbon 
d io x ide  exchange m echanism . These 
changes in cell metabolism lead ultimately 
to in terstitia l oedema and perivascu la r 
haemorrhage.1 Po lym orphonuc lea r leuko­
cytes aggregate in the pulmonary cap illa ries 
and obstruct the pulmonary vascu lar bed. 
As these trapped ce lls  break down, they 
release lysosomes, tiny subce llu lar par­
tic le s  conta in ing  p ro teo ly tic  enzym es.1 
These enzymes attack their host ce ll and 
go on to dapiage or destroy other ce lls.2 
The resulting tissue damage may not 
readily repair itself even if the shock 
patient survives.
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When administered in conjunction 
with standard therapeutic measures,
So lu -M edro l exerts a p ro tective  
effect on the lung and improves
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In the treatment 
of shock and its 
pulmonary 
complications
Solu-Medroi
soon enough, 
often enough, 
in pharmacologic 
doses
Dosage and Administration:
In treating severe shock, there is a tendency 
in current medical practice to use massive 
(pharmacologic) doses of corticosteroids. (The 
anti-inflammatory activity of 1 mg of Solu- 
Medrol is equal to 4 mg or more of hydrocor­
tisone.)
The suggested dosage of Solu-Medrol for se­
vere shock is 30 mg/kg stat and repeated in 
four hours, if necessary.
Therapy is initiated by administering Solu- 
Medrol intravenously over a period of at least 
ten minutes. In general, therapy should be con­
tinued only until the patient’s condition has 
stabilized -  usually not beyond 48 to 72 hours. 
Solu-Medrol may be given by intravenous in­
jection, by intravenous infusion, or by intra­
muscular injection. The preferred method for 
initial emergency use is intravenous injection. 
Cautions: The general precautions and con­
traindications to systemic corticosteroid ther­
apy should apply to the use of Solu-Medrol. 
However, when used for medical emergencies, 
or in shock-like states, the possible lifesaving 
effects must be weighed against the possible 
undesired hormonal effects. In the treatment 
of shock, Solu-Medrol should be adjunctive to 
conventional supportive therapy such as fluid 
replacement, etc. Although adverse effects 
associated with high-dose short-term corti- 
coid therapy are uncommon, peptic ulceration 
may occur.
Supplied: In Mix-O-Vials containing Medrol 
(as methylprednisolone sodium succinate), 40 
mg, 125 mg, 500 mg, and 1 g vials with water 
for injection.
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USE OF STEROIDS IN SURGERY
Steroids continue to be extremely useful, and they 
are essential in the management o f some condi­
tions. Bednarek and Matsumoto describe their use 
of steroids in patients with inflammatory bowel 
disease (IBD) who are undergoing surgery, in pa­
tients who have undergone adrenalectomy, and in 
patients with aspiration pneumonia, fat embolism, 
“shock lung" or shock. For patients with IBD, 
many of whom are already receiving steroids, hy­
drocortisone (100 mg IV  or IM) or cortisone 
acetate (50 mg IM) is given 6-hourly three times 
before operation, once in this dose during opera­
tion and then 6-hourly for 24 hours and 8-hourly 
for the next 24 postoperative hours; the dose is 
then tapered to either a maintenance dose or none 
at all. The management o f the patient undergoing 
adrenalectomy is similar, except that the patient 
who has had bilateral adrenalectomy will require 
maintenance for the remainder of his life. In cases 
of aspiration pneumonia, for which steroids are 
given to counter the chemical inflammation, hy­
drocortisone is given both as an intratracheal in­
stil late (the dose being 100 to 200 mg 120 ml 
normal saline) and as a supplement to other gen­
eral measures (100 mg every 6 h) for the first 48 
hours. Fat embolism requires a single bolus of 
either methylprednisolone (30 mg/kg) or dexa- 
methasone (5 mg/kg) on the basis that the al­
veolar capillary membrane is disrupted and 
steroids are beneficial at the membrane level.
The use o f steroids in cases of shock lung 
(adult respiratory distress syndrome) and shock 
is controversial. In the former condition, Bednarek 
and Matsumoto note that steroids may reverse or 
prevent further deterioration o f the cellular 
architecture o f the lung; methylprednisolone may 
be given in a dose o f 30 mg/kg IV. In septic 
shock, either methylprednisolone (30 mg/kg IV) 
or dexamethasone (5 mg/kg IV) given after vol­
ume loading may be beneficial because o f stab­
ilization of lysosomal membranes and possibly 
because of a blocking or inotropic action. A 
similar basis for their use underlies the admin- 
ilization of lysosomal membranes and possibly 
the early stages of cardiogenic shock; steroids may 
also have a vasodilating effect. In hemorrhagic 
shock, however, use o f steroids for preservation 
of cellular function is not regarded as a clinical 
panacea; it is more important to restore volume.
Two complications of steroid therapy are meta­
bolic alkalosis in patients in endotoxic shock who 
are being treated with diuretics and nasogastric 
suction, and peptic ulceration. The former is 
countered with KCl (as much as 400 mEq/24 h); 
the latter, with antacids, preferably hourly.—  
B e d n a r e k  JM, M a t s u m o t o  T: Use of steroids 
in surgery. Int Surg 59: 584, 1974.
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HEMANGIOSARCOMA OF THE BREAST*
W. I. HORNE, MD, FRCPath, FRCP[C] and W. L. PERCIVAL, MD, FRCS[C], FACS, FICS
Summary: This report of the case of a 37- 
year-old woman with hemangiosarcoma of the 
breast it is the first such case to be described 
in the Canadian literature. It is emphasized that 
lack of familiarity with the lesion is the main 
reason for its frequent misdiagnosis. This case 
is unusual in that the patient is alive and well 
7 years after her initial operation.
Resume: Les auteurs presentent le cas d'une 
femme de 37 ans, souffrant d'un hemangiosar- 
come mammaire. C'est le premier cas de cette 
pathologie cite dans la litterature canadienne. 
L'article souligne le fait que la meconnaissance 
de cette lesion est la raison principale de fre- 
quentes erreurs de diagnostic. Le present cas est 
exceptionnel en ce sens que la malade a survecu 
et est bien portante 7 ans apres I'operation 
initiale.
H emangiosarcoma of the breast is a rare 
but distinctive tumour, and lack of fami­
liarity on the part of both surgeons and 
pathologists has led to frequent misdiagno­
sis. A rapidly fatal course, with a usual 
duration of less than 2 years, has char­
acterized all but two reported cases. The 
present case is described partly because of 
its rarity and the consequent need to re­
emphasize its typical features. Also, this 
patient remains well 7 years after her initial 
operation and 5 years after definitive sur­
gery.
*From the Departments of Surgery and Path­
ology, Hotel-Dieu Hospital, Windsor, Ont.
Reprint requests to: Dr. W. I. Home, Department 
of Pathology, Hotel-Dieu Hospital, 1030 Ouellette 
Avenue, Windsor, Ont. N9A 1E1.
Case R epo r t
The patient, a 37-year-old married woman 
with one child, was 6 months pregnant when 
a mass was first palpated in her left breast. 
The mass was asymptomatic and was dis­
covered during routine examination. It was 
hard and nodular, located just above and me­
dial to the nipple, and measured about 3 cm 
in diameter. There was no history of previous 
breast disease or trauma, or of any serious ill­
ness.
At operation a large mass of tissue measur­
ing 15 cm in diameter, weighing 102 g and 
having a central hemorrhagic area was re­
moved. On microscopic examination a diagno­
sis of “organizing hematoma” was made.
During the following 2 years, the mass 
recurred, although the patient remained well. 
Toward the end of this time it increased ra­
pidly in size and when the patient was re­
ferred to us she had an extensive nodular 
tumour measuring approximately 15 cm in 
diameter, and tender to palpation. There was 
no fixation to skin and the mass was freely 
movable. In view of the previous diagnosis of 
hematoma, aspiration was attempted but re­
covered only about 12 ml of bloody fluid. The 
tumour was clearly solid and was treated by 
simple excision. It was noted that there was 
difficulty in distinguishing the tumour from 
normal breast tissue.
Extensive hemorrhagic and yellow areas 
were evident throughout the sectioned speci­
men and microscopic examination showed a 
typical hemangiosarcoma. With the diagno­
sis established, the danger of recurrence or 
distant metastatic spread was realized and a 
definitive procedure was planned. A modified 
radical mastectomy was performed with re­
moval of deep fascia and the superficial part
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Fig. 1.—Typical appearance of intercommunicat- Fig. 3—Solid tumour with nuclear atypia and 
ing vascular channels lined by variable endothelial mitoses (H & E x 250). 
cells (H & E x 250).
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of the pectoralis major muscle and a complete 
dissection of the axillary lymph nodes. Resi­
dual tumour was found in several blocks of 
tissue taken from the operative site, but none 
elsewhere in the breast. The axillary lymph 
nodes, although hyperplastic, did not contain 
tumour.
The patient has now been followed up at 
regular intervals for 5 years and has remained 
well. Chest radiographs have remained normal. 
There has been no evidence of local or distant 
recurrence.
The microscopic appearances of the tu­
mour in specimens from both the earlier 
and later operations were indistinguishable. 
Atypical features were not more pronounced 
in the second specimen, despite the sudden 
onset of symptoms prior to the latter opera­
tion. These symptoms may, therefore, have 
been due to thrombosis and hemorrhage with­
in a tumour which had been growing slowly 
over the whole 2-year period.
The appearances closely resembled those 
seen in previously reported cases. The gen­
eral pattern was of closely packed intercom­
municating vascular channels lined by atypi­
cal endothelial cells (Fig. 1). Diversity of ap­
pearance was also a feature in different parts 
of the tumour, with some areas resembling 
benign hemangioma (Fig. 2) and others com­
prising solid vasoformative tissue with moder­
ate nuclear variation and mitotic activity 
(Fig. 3). Normal lobular elements of the 
breast were seen surviving among diffusely 
infiltrating tumour cells (Fig. 4), while at the 
periphery of the lesion the growth was char­
acteristically well differentiated as it infil­
trated outwards into fatty tissue. In the second 
specimen there were extensive areas of ne­
crosis of the tumour, associated with thrombi 
in large blood vessels. Hemopoietic activity 
was not seen in any of the numerous blocks 
examined.
D iscussion
Since the first well-documented case of 
hemangiosarcoma of the breast was de­
scribed by Borrmann1 in 1907, 43 cases 
have appeared in the literature. These in­
clude series of 10 cases,2 6 cases3 and 
4 cases4 in which the clinical and path­
ological features of the lesion have been 
carefully described and documented. It is 
clear from these reports that hemangiosar­
coma has a characteristic histological ap­
pearance that should permit easy recog­
nition. Nevertheless, misdiagnosis has been
common and the two most recently reported 
cases, those of Kessler and Kozenitsky5 and 
our own, initially received the diagnosis of 
benign hemangioma and organizing hemato­
ma respectively. It is our feeling that, al­
though these lesions must enter into the 
differential diagnosis, there should very rare­
ly be any difficulty in recognizing hemangio­
sarcoma, provided the possibility of its 
occurrence in the breast is kept in mind. 
The most reliable diagnostic features are de­
tailed by McDivitt, Stewart and Berg6 and 
by Steingaszner, Enzinger and Taylor2 and 
their descriptions cannot be improved upon. 
However, only increased awareness of the 
lesion and familiarity with its appearance 
will improve the diagnostic record.
The reported cases make it abundantly 
clear that hemangiosarcoma of the breast is 
a highly malignant lesion. Steingaszner, En­
zinger and Taylor2 quote an average sur­
vival time in their fatal cases of 1.9 years, 
compared with 2.1 years in 24 cases col­
lected from the literature. Only two long­
term survivals have been reported, both by 
the same authors;2 these patients, both of 
whom had small tumours, were alive and 
well 7 and 14 years after operation. One 
was treated by radical mastectomy and the 
other by wide local excision.
Our case is extremely unusual in that the 
tumour was quite large, that it recurred lo­
cally after 2 years, and that the patient 
has nevertheless survived and remains well 
5 years after radical mastectomy and 
7 years after her initial operation. Many 
parts of the tumour were well differentiated, 
but solid areas showing nuclear atypia were 
also present, and in these mitotic figures 
were easily found. It would appear, there­
fore, that while occasional long-term sur­
vival may be expected in hemangiosarcoma, 
present criteria do not permit that prediction 
in all cases. Radical mastectomy was under­
taken in our case to ensure complete re­
moval of the widely recurrent tumour. The 
axillary nodes were free from growth as 
they have been in previously reported cases.
It would seem logical to suggest that sim­
ple mastectomy is probably the treatment of 
choice, providing there is wide excision of 
the tumour. It should be emphasized that 
since insidious infiltration of fat is a char­
acteristic feature of hemangiosarcomas, it
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is our opinion that simple removal of the 
lump is not likely to eradicate the disease.
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HYPEROXEMIE EN CIRCULATION EXTRA-CORPORELLE*
CLAUDE CHARTRAND, MD,t LISE LANGEVIN, FRANCOIS FOREST et 
PAUL STANLEY, MD t
Resume: La valeur de I'hyperoxygenation du 
sang arteriel dans un systeme de circulation 
extra-corporelle bien controle chez le chien a ete 
questionnee. Ce travail avait pour but d'analyser 
les resultats obtenus a la suite d'experiences 
menees chez le chien soumis a la circulation 
extra-corporelle ou la pression partielle en oxy- 
gene du sang arteriel etait maintenue au dessous 
de 140 mm de Hg dans un groupe controle et au 
dela de 200 mm de Hg dans un autre groupe. 
II n’y eut aucune mortalite ni morbidity dece- 
lable lors de ces experiences. L'etat fonctionnel 
post-operatoire etait le meme pour les animaux 
des deux groupes. Les resultats des determina-
* Section de Chirurgie Cardio-vasculaire, Hopital 
Sainte-Justine, Montreal, P.Q.
Travail subventions par les octrois: Conseil de 
Recherches Medicales du Canada (MA-4391 et 
ME-4327), Conseil de Recherches Medicales du 
Quebec (710038), Fondation Canadienne des Ma­
ladies du Coeur et Fondation Justine Lacoste- 
Beaubien.
•(Adjoint de Recherche, Departement de Chirur­
gie, Universite de Montreal; Assistant, Section de 
Chirurgie Cardio-vasculaire, Hopital Sainte-Jus- 
tine; Scholar du Conseil de Recherches Medicales 
du Canada.
iProfesseur Agrege de Chirurgie, Departement de 
Chirurgie, Universite de Montreal; Chef, Section 
de Chirurgie Cardio-vasculaire, Hopital Sainte- 
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tions hematologiques et biochimiques per- et 
post-operatoires immediates etaient semblables 
pour les deux groupes, a I'exception d'un taux 
d'hemoglobine libre plasmatique qui etait de 
50% superieur chez les animaux soumis aux 
experiences d'hyperoxygenation. Ces resultats 
indiquent que ('augmentation de la pression 
partielle en oxygene au dessus de 200 mm de 
Hg ne semble apporter aucun effet benefique et 
qu'au surplus, elle favorise I'hemolyse.
Summary: The authors demonstrate the effects 
of hyperoxemia in dogs subjected to extra­
corporeal circulation. Arterial Po2 was main­
tained between 100 and 140 mm Hg in a control 
group and above 200 mm Hg in another group. 
There was no morbidity or mortality in these 
experiments. Postoperative functional status as 
well as hematological and biochemical data 
were similar in both groups. However, free 
plasma hemoglobin was 50%  higher in animals 
subjected to hyperoxygenation. It is thus con­
cluded that on the basis of these results hyper­
oxygenation has no beneficial effect on the 
animals submitted to total body bypass and 
moreover that arterial Po2 over 200 mm Hg 
increases hemolysis.
Le controle de la pression partielle en oxy­
gene dans le sang d’un circuit d’un coeur- 
poumon artificiel a suscite beaucoup d’interet 
depuis la naissance de la chirurgie a coeur
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ouvert. Vu les conditions circulatoires anor- 
males existant durant cette periode de circu­
lation extra-corporelle, certains ont milite en 
faveur d’une augmentation de debit de per­
fusion,1 d’autres en faveur d’une augmenta­
tion de saturation du sang arteriel, et enfin 
d’autres ont prefere diminuer la demande 
tissulaire en oxygene par l’addition d’hypo- 
thermie. Toutefois, plusieurs ont souleve la 
possibility de toxicite a l’oxygene dans les 
situations d’hypersaturation en oxygene et 
les effets pathologiques ont ete bien resumes 
par Balentine.2
A part une etude des effets de l’hyperoxy- 
genation sur la fragilite des globules rouges,3 
nous n’avons retrouve aucun travail traitant 
des effets fonctionnels et biochimiques d’une 
telle situation. II nous a done paru important 
de questionner la valeur de l’hyperoxygena- 
tion du sang arteriel dans un systeme de cir­
culation extra-corporelle bien controle. Ce 
travail a pour but d’exposer les resultats ob- 
tenus a la suite d’experiences menees chez 
le chien soumis a la circulation extra-corpo- 
relle ou la pression partielle en oxygene du 
sang arteriel etait maintenue intentionnelle- 
ment a plus de 200 mm de Hg.
Materiel et Methode
Onze chiens en bonne condition furent 
anesthesies au Pentothal, intubes, ventiles 
avec un respirateur Harvard et gardes au 
stade chirurgical d’anesthesie a l’aide d’un 
distributeur d’halothane. Une thoracotomie 
fut pratiquee dans le quatrieme espace in­
tercostal gauche. Une canulation peripheri- 
que servit a relier l’animal au coeur-poumon 
artificiel. 250 unites/kg d’heparine furent 
administrees a l’animal avant la canulation. 
Un oxygenateur de type Mayo-Gibbon fut 
utilise dans toutes ces experiences. II fut 
amorce avec du sang total frais heparine et 
corrige a un pH normal a l’aide de 1 mEq 
de bicarbonate de sodium par 125 ml de 
sang. Un debit de perfusion de 2.0 a 2.2 1/m 
carre de surface corporelle etait maintenu 
durant 2 heures. La temperature du sang 
etait gardee constante a 37 °C a l’aide d’un 
echangeur thermique interpose sur le circuit 
veineux. La methode de circulation extra- 
corporelle employee est decrite en details 
dans un autre expose.4 A la fin de la perfu­
sion, l’animal recevait une dose appropriee 
de protamine, les plaies etaient refermees
et la ventilation artificielle discontinuee. 
Une fois l’animal retabli et bien eveille, il 
etait retourne au chenil. Les animaux furent 
divises en deux groupes.
Groupe I .—Cinq chiens furent soumis 
aux experiences d’hyperoxemie. Durant la 
periode de recirculation, le sang d’amor- 
Sage etait oxygene a partir d’un ballon 
d’oxygene a 98% et de COo a 2% regie a 
un debit variant entre 2 et 3 1/m. Durant 
toute la periode de la perfusion, le Po2 arte­
riel etait maintenu entre 207 et 340 mm de 
Hg avec une moyenne de 262 mm de Hg. 
Le caisson contenant les grilles verticales 
continuait a etre alimente par de l’oxygene 
a 98% et du COo a 2% a un debit variant 
entre 2 et 3 1/min.
Groupe II—Six chiens servirent de con­
trole. Le sang d’amorgage fut d’abord recir- 
cule en circuit ferme et oxygene seulement 
a Fair ambiant. Durant toute la periode de 
perfusion qui a dure 120 minutes, la pres­
sion partielle d’oxygene du sang arteriel 
etait maintenue entre 95 et 143 mm de Hg 
avec une moyenne de 116 mm de Hg. Du­
rant la perfusion, le caisson contenant les 
grilles verticales servant a l’oxygenation etait 
alimente par de l’oxygene pur a un debit 
variant entre 1.3 et 2.0 1/min. Les determi­
nations du Po2 arteriel faites au cours de 
l’experience servaient de guide pour regler 
le debit d’oxygene dans le caisson.
Avant l’induction de l’anesthesie, les de­
terminations suivantes furent faites: hemo- 
globine, hematocrite, pH, Pco2, exces de 
bases, bases-tampons, bicarbonates actuels, 
bicarbonates standards, acide carbonique, 
C 0 2 total, chlore, sodium, potassium plas- 
matique, pression partielle d’oxygene et he- 
moglobine libre. Les memes determinations 
furent repetees immediatement avant le de­
but de la perfusion puis, 40, 80 et 120 mi­
nutes apres le debut de la perfusion et 
enfin, 1 heure apres l’intervention. Ces 
determinations furent aussi pratiquees sur 
le sang d’am ore age du circuit durant la 
recirculation.
R esultats
II n’y eut ni mortalite au cours de ces ex­
periences, ni morbidite detectable par les 
examens clinique, hematologique et biochi- 
mique conventionnels.
Les resultats des determinations seriees
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hematologiques et biochimiques faites chez 
les animaux soumis aux experiences d’hy- 
peroxemie figurent au tableau I, alors que 
ceux du groupe controle figurent au tableau 
II.
COM MENTAIRES
Le melange gazeux alimentant l’oxygena- 
teur a differe quelque peu chez les deux 
groupes d’animaux etudies. Durant la pe-
riode de recirculation precedant la perfusion 
des animaux de controle, le sang d’amorgage 
etait oxygene intentionnellement a l’air am- 
biant afin d’obtenir des pressions partielles 
en oxygene ne depassant pas 150 mm de 
Hg. Chez le meme groupe d’animaux, nous 
avions observe que si le melange de gaz 
alimentant l’oxygenateur etait compose 
d’oxygene a 98% et de C 0 2 a 2%, vu le 
faible debit gazeux dans ce caisson, il y
TABLEAU I.—G roupe I. Resultats des D eterminations Seriees , H ematologiques et B iochimiques, faites chez les An i­
maux Soumis aux E xp£riences D ’hyperoxemie (Moyenne et ESM)
pH Po2 Pco2
C02
total H 2C03
H C 0Z
actuels
H C 03
standards
Bases
tampons
Exces de 
bases Hi Hb
Hb
libre
Pre-
anesthesie*
7.366
0.288
97.0
1.471
38.55
2.432
22.82
1.581
1.17
0.288
21.65
1.500
21.97
0.912
45.50
1.190
-2 .9
1.154
44.88
0.645
17.15
0.707
4.7
1.224
Pre­
perfusion
7.390
0.387
70.2
5.527
31.02
3.563
18.68
0.447
0.95
0.316
17.74
0.447
20.36
0.774
42.72
1.224
-5 .5
1.183
43.0
Oxygenateur
pre­
perfusion
7.590
0.316
370.6
41.384
17.96
0.866
17.22
1.322
0.55
0.223
16.68
1.264
22.52
1.224
44.70
1.565
-2 .3 2
1.516
42.75
0.912
16.6 17.1
2.000
Oxygenateur 
40 minutes 
perfusion
7.329
0.316
254.25
18.571
42.78
2.459
23.38
0.974
1.31
0.316
22.04
0.948
21.36
0.547
45.30
0.741
-3 .74
0.774
45.62
2.345
17.73 49.1
19.176
Oxygenateur 
80 minutes 
perfusion
7.321
0.408
290.0
13.540
49.34
3.993
26.94
1.431
1.51
0.316
25.44
1.360
23.58
0.806
46.94
0.974
-0 .9 6
1.118
45.00
1.732
17.2
0.408
60.6
11.364
Oxygenateur 
120 minutes 
perfusion
7.341
0.316
252.4
22.744
52.34
5.714
92.04
1.431
1.60
0.316
27.46
1.245
24.86
0.591
49.50
1.161
+0.62
0.741
46.00
1.072
16.87
0.288
77.9
10.975
1 heure
post-operativef
7.373
0.316
93.5
8.514
38.30
3.008
22.90
1.048
1.17
0.223
21.72
0.974
22.10
0.500
46.06
0.447
-2 .70
0.707
46.90
0.741
17.07
0.288
115.2
22.551
♦Na =  144.62, 1.151; Cl =  110.0, 0.707; K =  4.32. 
fN a =  142.56, 3.293; Cl =  109.6, 2.313; K  =  3.37.
TABLEAU II.—Groupe II . Resultats des D eterminations Seriees . H ematologiques et Biochimiques, Faites chez les Ani­
maux de ContrSle . (Moyenne et ESM)
pH P02 Pco2
C02
total H i C03
HCOs
actuels
HCOs
standards
Bases
tampons
Exces de 
bases Ht Hb
Hb
libre
Pre-
anesthesie*
7.368
0.258
94.95
2.081
37.45
2.294
22.25
1.602
1.14
0.182
21.10
1.549
21.85
0.875
42.32
1.125
-3 .3
1.329
43.83
1.683
16.95
0.605
2.825
0.816
Pre­
perfusion
7.375
0.316
89.60
7.977
31.58
0.836
29.04
1.072
0.96
0.316
18.06
1.072
19.30
0.921
37.62
0.866
-5 .9 8
1.140
41.5
2.892
12.7
0.707
17.0
Oxygenateur
pre­
perfusion
7.671
0.365
148.1
3.413
16.9
0.752
19.63
0.983
0.51
0.182
19.12
1.000
24.18
0.658
44.42
0.632
-0 .53
0.730
36.17
0.948
14.43
0.516
17.77
4.769
Oxygenateur 
40 minutes 
perfusion
7.387
0.316
135.25
13.312
38.42
2.509
23.72
0.683
1.18
0.258
22.55
0.632
22.90
0.605
43.18
0.605
-1 .68
0.632
42.66
0.966
16.7
0.516
28.41
5.167
Oxygenateur 
80 minutes 
perfusion
7.372
0.258
143.16
9.991
43.97
1.264
26.72
1.264
1.345
0.316
25.36
1.291
24.70
1.378
45.80
1.949
+0.33
1.591
42.33
1.414
16.08
0.658
37.28
5.712
Oxygenateur 
120 minutes 
perfusion
7.384
0.316
115.25
8.807
43.48
1.125
27.06
1.140
1.33
0.316
25.73
1.095
25.05
1.080
45.76
1.378
+0.70
1.329
43.0
1.278
16.38
0.516
57.68
8.746
1 heure
post-operativef
7.385
0.316
95.25
13.143
39.68
2.016
24.43
0.658
1.21
0.182
23.23
0.577
23.20
0.182
44.45
0.707
-1 .25
0.182
45.0
1.788
17.47
0.707
75.96
9.183
*Na =  147.5,1.460; Cl =* 109.83, 1.437; K = 4.5. 
fN a =  148.6, 2.037; Cl =  110.3, 1.466; K = 3.16, 0.408.
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avait accumulation anormale de C 0 2 per- 
turbant manifestement l’equilibre acido-ba- 
sique; d’ou le caisson fut alimente par la 
suite a l’oxygene pur. Quant au groupe d’a- 
nimaux hyperoxygenes, l’hyperoxemie du 
debut de perfusion etait intentionnelle, et vu 
que le debit gazeux dans le caisson etait plus 
rapide durant la perfusion, le melange 
d’oxygene a 98% et de C 0 2 a 2% fut 
choisi.
II n’y eut aucune mortality lors de ces 
experiences. Aussi, nous n’avons pu detec- 
ter aucun etat morbide dans la phase post- 
operatoire immediate ni dans les jours sui- 
vant l’intervention rattachable a la periode 
d’hyperoxygenation per-perfusion. L’etat 
general ainsi que l’etat fonctionnel neuro- 
logique, cardiovasculaire, nephrologique ou 
metabolique n’ont pas semble differer d’un 
groupe a l’autre. Quoiqu’aucune etude fonc- 
tionnelle comparee n’ait ete faite dans le 
passe, on a souvent souleve la possibility 
des effets toxiques de l’oxygene sur le sys- 
teme nerveux central5 et meme certains ont 
mentionne la possibility de mort subite rat­
tachable probablement a l’hyperoxygena- 
tion.6 Cette atteinte fonctionnelle n’a pas 
ete confirmee dans nos experiences et cette 
difference de resultats pourrait simplement 
etre rattachable a des niveaux d’hyperoxy- 
genation plus eleves dans les experiences an- 
terieures rapportees par ces auteurs.
Les effets de l’hyperoxygenation sur les 
parametres hematologiques et biochimiques 
n’ont pas ete documentes dans le passe. Les 
resultats de la presente etude figurent aux 
tableaux I et II et meritent certains com- 
mentaires. Dans le groupe controle, le Po2 
arteriel s’est maintenu entre 115 et 148 mm 
de Hg durant toute la perfusion alors que le 
Pco2 ne s’est pas eleve au dela de 44 mm de 
Hg. On note par ailleurs une elevation pro­
gressive de l’hemoglobine libre plasmatique 
qui toutefois n’a pas depasse 57 mg/dl en fin 
de perfusion. Les resultats des autres deter­
minations sont dans les limites de la nor- 
male durant la perfusion et la phase post- 
operatoire immediate.
Dans le groupe d’animaux soumis aux 
experiences d’hyperoxemie, on observe au 
depart un Po2 arteriel a 370 mm de Hg; 
ceci est secondaire a l’hyperoxygenation du 
sang durant la periode de recirculation. Par 
la suite, le Po2 s’est maintenu entre 252 et
290 mm de Hg. On observe de plus que le 
Pco2 en fin de perfusion etait a 52 mm de 
Hg du a l’addition de 2% de C 0 2 dans le 
melange gazeux alimentant l’oxygenateur. 
Le reste des resultats est normal et se su­
perpose a ceux obtenus dans le groupe con­
trole. II en est de meme pour l’etude de la 
phase post-operatoire immediate. Enfin, on 
note que meme si le taux d’hemoglobine 
libre plasmatique etait identique au point 
de depart, l’elevation progressive est plus 
rapide et atteint en fin d’experience 70 
mg/dl.
Le seul travail traitant des effets de l’oxy- 
genation sur l’hemolyse a ete rapporte par 
Andersen et Kuchiba3 qui ont demontre 
clairement in vitro que l’addition d’oxy­
gene a differents circuits de circulation ex- 
tra-corporelle s’accompagnait d’un degre 
d’hemolyse beaucoup plus marque. Par 
ailleurs, aucune experience in vivo n’a ete 
rapportee. Les resultats de nos travaux 
demontrent clairement que 1’hemolyse 
fut plus importante chez les animaux sou- 
mis aux experiences d’hyperoxemie puis- 
que nous avons retrouve en fin de per­
fusion 70 mg/dl d’hemoglobine libre dans 
le plasma de ces chiens comparativement 
a 57 dans le plasma des animaux du grou­
pe controle. De tous les resultats hema- 
tologiques et biochimiques obtenus, cet 
ecart d’hemoglobine libre plasmatique entre 
les deux groupes constitue la seule diffe­
rence significative. II nous est done permis 
de conclure que l’augmentation de la pres- 
sion partielle en oxygene au dessus de 200 
mm de Hg favorise l’hemolyse et ne semble 
par ailleurs apporter aucun effet benefique.
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CLINICAL EXPERIENCE IN USING ELEMENTAL DIET IN THE 
MANAGEMENT OF VARIOUS SURGICAL NUTRITIONAL PROBLEMS*
JEAN-YVES RIVARD, MD and ROCH LAPOINTE, MD, FRCS[C]
Summary: The clinical results obtained in 30 
patients treated with elemental diet are reviewed 
and discussed. The majority of patients were 
adequately maintained nutritionally and recov­
ered from various severe catabolic conditions 
while receiving a modest caloric intake supplied 
from one commercially available elemental diet.
Resume: Nous avons utilise la diete elementaire 
chez 30 patients. Nous analysons les resultats 
cliniques obtenus chez ces 30 cas consecutifs. 
La plupart des patients furent adequatement 
supportes du point de vue nutritionnel; ils pu- 
rent recuperer d'une variete d'etats cataboliques 
graves, grace a un apport calorique continue 
modeste fourni a partir d'une diete elementaire 
commerciale.
T he use of elemental diet has recently 
been gaining an important place in the man­
agement of a number of surgical conditions. 
Its value and clinical applicability have been 
demonstrated in recent studies.1’ 2 This in­
terest has emerged from notable original 
contributions such as the one of Bounous 
et al* who studied the effects of a chemically 
defined elemental diet in intestinal ischemia 
and shock, and the work of Smith and Lee4 
who described the technique of delivering 
nutrients and electrolytes into the gastro­
intestinal tract, using small-bore catheters.
To date, elemental diet feeding has been 
considered as a complement rather than an 
alternative to parenteral nutrition. Although 
its value already seems to be established, 
the relative place and merit of elemental 
diet in the management of the critically ill 
are not clearly defined and need more 
documentation. In addition, some proposed 
indications need to be explored.
This report describes our clinical experi­
ence in 30 patients using Flexical (Mead 
Johnson), one of the commercially available 
diets. Review of the clinical results obtained 
in these patients suggests that the desired
*From the Department of Surgery, Hotel-Dieu de 
Quebec, Quebec City, Que.
Reprint requests to: Dr. Jean-Yves Rivard, 3655 
Papineau, Apt. 1204, Montreal, Que. G1R 2J6.
objectives — closure of fistulas, mainte­
nance of weight, recovery following major 
operations and/or sepsis — can be met with 
a relatively modest caloric intake and vir­
tually no significant complications from 
therapy.
M aterial and M ethods
Patients and Indications
All patients were treated at the Hotel- 
Dieu de Quebec since September 1972. 
Five patients who received the diet for less 
than 5 days were excluded from the group 
of 35 studied consecutively. All these 
patients exhibited serious catabolic condi­
tions. Oral intake of normal food was 
either impossible, as in esophageal stenosis, 
contraindicated in cases such as fistulas 
and pancreatitis, or totally inadequate in 
septic or debilitated patients. Catabolism 
was documented by objective weight loss, 
clinical examination, and routine laboratory 
evaluation.
Our indications for using elemental diet 
are summarized in Table I. Alimentary tract 
fistulas and esophageal stenosis were the 
most frequent conditions. In the latter 
group, elemental diet, because of its clear, 
liquid consistence, permitted the use of 
pediatric-type nasogastric tubes and thus the 
avoidance of the added morbidity of a gas­
trostomy.
Parenteral nutrition was used in eight pa­
tients as initial nutritional therapy, as shown 
in Table II. It was discontinued in favour 
of elemental diet as soon as conditions 
permitted.
Diet and Administration
The diet used in all cases was Flexical. 
The detailed composition of this commer­
cial preparation has been published else­
where.2 Amino acids are mainly supplied 
from casein hydrolysate to which some 
purified essential amino acids have been 
added. Flexical differs from other commer-
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cial diets, which do not contain significant 
amounts of fat; 30% of its caloric content 
is supplied by soya oil and a small amount 
of medium-chain triglycerides. Carbohy­
drates, mostly glucose and sucrose, supply 
about 60% of the calories. At the normal 
dilution of 23% w/v, the diet provides 1 
cal/ml at an osmolality of 845 mOsm, 
which is lower than that of other glucose- 
based diets. Vitamins and trace minerals 
are added to provide for daily requirements. 
Vitamin K is not added since soya oil sup­
plies some of this liposoluble vitamin. Sodi­
um content is relatively low, a desirable 
feature which permits addition of this elec­
trolyte as required.
Flexical was usually administered in a 24- 
hour drip through a no. 5 or 8 French naso­
gastric tube, except when a gastrostomy or a 
jejunostomy was already available. Intermit­
tent administration by means of a syringe was 
also employed, but only exceptionally in a 
few patients. Plastic bags and gravity drip,
TABLE I.—Indications for Use of Elemental 
D iet
Condition present
No. of 
cases
2
9
1
2
1
2
1
2
esophagopleurocutaneous (sponta­
neous rupture).....................................
esophagocolic anastomosis.................
Esophageal stricture:.................................. 8
4
3
1postoperative stenosis.........................
4
1
2
1
acute hemorrhagic...............................
acute necrotizing (complicated).........
Multiple trauma with major fractures . . . . 3
Major operations associated with sepsis. . . 5
Major operations and severe catabolism
5
Crohn’s disease and ulcerative colitis........ 2
2
1
1
hemiglossectomy and rhizotomy........
obstructed gastroenterostomy............
which were used initially, were considered to 
be satisfactory. Later, Holter roller pumps 
were obtained and provided more constant, 
easily controlled flow rates. Oral intake, al­
though possible in several cases, was not 
relied upon and was avoided.
With the nasogastric route, 1500 to 2000 
ml of half-strength diet was initially admin­
istered over 24 hours. This was quickly 
increased to 2.0 to 2.5 1 of normal-strength 
preparation in 2 to 3 days. When using a 
jejunostomy, the concentration was started 
also at half strength but the amount and the 
concentration were increased more slowly 
over a period of 5 to 6 days.
Additional water and electrolytes were 
provided only in the case of abnormal losses 
with fistulas or prolonged hyperthermia. 
Parenteral vitamin K was not administered 
routinely.
Daily caloric intake was purposely kept to 
a modest level and usually did not exceed 
2500 cal. Therapy was instituted quite early 
in all cases, either immediately on admis­
sion to hospital, after surgery, or at the time 
of diagnosis of a specific complication. Im­
portant nutritional deficits were not allowed 
to accumulate while the patients were in the 
hospital.
C ase R e p o r t s
Small Bowel Fistula
Case 1.— A  68-year-old man was admitted 
for bowel obstruction. He had recently under­
gone multiple procedures for peripheral vas­
cular disease and a radical gastrectomy for a 
curable cancer. At laparotomy, a gangrenous 
and perforated loop of ileum was found, caused 
by a fibrous adhesion. After resection the 
patient developed an ileocutaneous fistula as 
well as an internal fistula to a more proximal 
segment of small bowel. This elderly debilitated 
patient with severe pre-existing malnutrition 
could not be relied upon to tolerate even a 
modest oral intake because of lack of appetite 
and diarrhea. This precluded the rapid spon­
taneous healing of his fistula. He was first 
maintained on parenteral alimentation which 
was soon discontinued in favour of elemental 
diet administered continuously through a pe­
diatric nasogastric tube for 17 days. He gained 
6 lbs in weight and both fistulous tracts had 
closed by the thirty-fifth day. The diarrhea was 
not suppressed or exaggerated by the elemen-
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tal diet. It could be controlled only with opiates 
and was explained on the basis of pathologic 
changes in the patient’s gastrointestinal tract 
rather than as a side effect of the diet.
Biliary Fistula
Case 2 .—This 74-year-old man, who was 
found to have an unresectable cancer of the 
head of the pancreas, underwent a biliary and 
duodenal bypass procedure using a Roux-en-Y 
anastomosis to the jejunum. This was com­
plicated by a biliary fistula which drained 500 
ml in 24 hours. Treatment consisted of sump 
drainage and initial intravenous fluid replace­
ment followed by elemental diet through a pe­
diatric nasogastric tube. Intravenous fluids 
were stopped and salt was added to the Flexi- 
cal which was continued for 16 days to supply 
2000 cal/d. No increase in the biliary drain­
age was observed. By adding adequate amounts 
of salt to the diet and allowing additional wa­
ter by mouth, further intravenous therapy was 
not required and serum electrolytes as well as 
hydration remained normal. The fistula closed 
on the twenty-first day on this simplified man­
agement and the patient was discharged in a 
satisfactory nutritional state.
Esophageal Stricture
Case 3 .—A 60-year-old woman was ad­
mitted with severe, progressive dysphagia of 
1 year’s duration. She had lost 50 lbs over 
the last few years and had a history of chronic 
incapacitating arthritis. Investigation revealed 
a segmental stricture of the middle one-third of 
the esophagus which proved to be benign and 
was thought to be of sclerodermic origin. A 
right colon bypass was undertaken after a 10- 
day regimen of elemental diet, using a pedia­
tric-type nasogastric tube which could be passed 
through the stricture. The esophageal anasto­
mosis was performed later. Elemental diet was 
interrupted for only 2 days after each proce­
dure. A fistula developed in the neck on the 
fifth day after the esophageal anastomosis. 
Local care was applied while Flexical was con­
tinued in the same manner. The fistula closed 
after 10 days and a soft oral diet was per­
mitted. The patient had been fed exclusively 
on elemental diet for 45 days with an average 
daily caloric intake of 2000. Her weight on 
discharge was exactly the same as on admis­
sion.
Complicated Pancreatitis, Sepsis and
Major Operations
Case 4.—This 52-year-old man underwent
gastrostomy, jejunostomy and cholecystostomy 
for acute hemorrhagic pancreatitis associated 
with jaundice and duodenal obstruction. After 
initial clinical improvement, the patient was 
fed through the jejunostomy with a standard 
gavage preparation. Subsequently, there was 
evidence of deterioration with persistent jaun­
dice, pleural effusions, and an increasingly 
toxic state with shock. At a second laparotomy, 
a ruptured spleen was discovered which was 
excised as well as all necrotic pancreas. Sump 
drainage was instituted. The postoperative 
course was complicated by a pancreatogastro- 
cutaneous fistula and purulent discharge from 
the drains. The patient was unable to tolerate 
oral feeding for several weeks and was main­
tained on elemental diet via the jejunostomy 
for 30 days. He eventually made a complete 
recovery and was discharged on the forty-fifth 
postoperative day. At that time, the fistula was 
virtually closed. Uninterrupted nutritional sup­
port certainly contributed to the ultimate 
recovery from several conditions, each asso­
ciated with a high mortality: hemorrhagic 
pancreatitis, major operations, gastric and pan­
creatic fistula and sepsis. There was no clin­
ical evidence of exacerbation of the pancreati­
tis when elemental diet was instituted. Fistula 
drainage did not increase significantly, which 
suggests that there were no detrimental stimu­
lating effects on the pancreas.
Inflammatory Bowel Disease
Case 5 .—While undergoing a tubal ligation, 
a 34-year-old woman was found to have typical 
terminal ileitis. The disease had remained 
asymptomatic except for mild chronic diarrhea. 
In the immediate postoperative period she de­
veloped an abscess and an ileocutaneous fis­
tula. In addition she presented severe post­
prandial abdominal cramps and nausea. She 
failed to improve on salicylazosulfapyridine 
(Salazopyrin, Pharmacia Canada Ltd.) and con­
tinued to lose weight. Elemental diet therapy 
was undertaken to restore her nutritional state 
before surgery. She received a continuous drip 
of Flexical at 2500 cal/d through a no. 5 
pediatric tube. This regimen was remarkly well 
tolerated and was continued for 2 weeks. 
She had no more abdominal cramps and only 
one small watery bowel movement every 2 
or 3 days. After an initial further weight loss, 
she gained 5 lbs. She underwent resection of 
the diseased segment of bowel and end-to-end 
anastomosis. The postoperative course was 
entirely free of complications, and there was 
rapid healing of all wounds and drainage sites.
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Bowel Operation
Case 6.—A 38-year-old man with severe, 
chronic, renal failure was admitted for resec­
tion of a rectal carcinoma. He was known to 
be very sensitive to sodium loss or overload 
owing to a chronic salt-losing syndrome as­
sociated with renal failure and hypertension. 
He refused to eat a residue-free diet but ac­
cepted readily the placement of a pediatric na­
sogastric tube which was used for bowel prepa­
ration. Measured amounts of sodium were 
added to Flexical. The operation was delayed 
for non-medical reasons and this regimen was 
continued at home by the patient. Following 
a 10-day period on the elemental diet, two 
small enemas were given prior to the opera­
tion. He underwent an anterior resection from 
which he made an uncomplicated recovery.
Because of the patient’s chronic renal fail­
ure and the plan of carrying out a one-stage 
rectal resection, optimal preparation of the 
bowel was mandatory. The patient was quite 
vulnerable to dehydration because of his salt­
losing syndrome. Potent cathartics and large 
enemas were contraindicated. Elemental diet 
permitted provision of the exact amount of salt 
required to prevent dehydration or fluid over­
load and hypertension. Mechanical preparation 
was noted to be perfect and certainly contri­
buted to the smooth recovery in this excep­
tional case.
Results and Discussion
The clinical results obtained in our 30 pa­
tients are described in detail in Table II.
Alimentary Tract Fistulas 
The value of elemental diet in the man-- 
agement of this surgical complication has 
been particularly documented in recent 
clinical studies.1 3- 6 Fistulas were diag­
nosed in 9 of our 30 patients. There was 
spontaneous closure and recovery in all 
cases. These results were explained in part 
by the fact that there were no high-output 
fistulas (drainage exceeding 500 m l/d) 
and none were associated with distal ob­
struction. However, most of them occurred 
in elderly chronically debilitated patients as 
in Cases 1 and 2 or in association with 
complicated acute pancreatitis or other gas­
trointestinal tract conditions. It must be 
emphasized that the am ount of drainage was 
not significantly increased in any of the 
cases when elemental diet was instituted. 
Maintenance of nutrition was satisfactory in 
all but two cases with an intake not exceed­
ing 2500 cal/d . Parenteral alimentation 
was used initially in only five cases but not 
continued concomitantly. Although a reduc­
tion in the level of digestive secretions com­
parable to that associated with parenteral 
nutrition has not been demonstrated, the stu­
dies of Brown et al7 and Rivilis et als sug­
gest that this level is indeed significantly re­
duced. The major benefit appears to  be re­
lated primarily to the long-term, constant and 
reliable caloric intake unaccompanied by de­
trimental stimulation of the gastrointestinal 
tract and without significant risk of infection.
TABLE II.—C linical R esults with E lemental D iet in  30 Consecutive Cases
P a tie n ts T h era p y S id e  effec ts C lin ic a l  re su lts
A verage In i t ia l S p o n t . N u tr i t io n a l
M e a n d u ra tion I V closure m a in te n a n c e
in d ica tio n N o . (yr) '  id) ta tio n N a u s e a D iarrhea ga in f i s t u l a A d eq u a te P oor R ecovery D e a th
A lim e n ta ry  t r a c t
f i s tu la s ............................ 4 69 .7 17.0 2 1 1 4 4
E s o p h a g e a l
s te n o s is .......................... 8 6 9 .2 3 1 .5 1 2 7 1 8
C o m p lic a te d
p a n c r e a t i t i s ................. 4 37 .6 25 .7 3 1 1 1 2 3 1 4
M u l tip le  t r a u m a  . . . 4 41 .0 2 0 .5 1 1 1 2 2 3 1
In f la m m a to ry
d ise a se  o f  th e
b o w e l.............................. 2 2 5 .2 19.0 1 1 1 1 1 2
S ep s is  a n d / o r  m u l-
t ip le  m a jo r  op er-
a t i o n s .............................. 5 63 .8 9 .2 2 1 1 4 1 4
H e m ig lo s s e c to m y ... 1 59 17 1
O b s t ru c te d  g a s tro -
e n te r o s to m y ................ 1 57 21 1 1
B o w el p r e p a r a t io n . . 1 38 10 1 1
T o t a l ............................... 30 6 3 6 .8 8 2 5 5 9 2 4 6 2 7
M e a n .............................. 5 1 .5 21 .2
R a n g e ............................. 22-82 5-60
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Esophageal Stenosis
This would appear a debatable indication 
for elemental diet. It is true that the diges­
tive tract beyond the narrowed esophagus 
is normal and can accept normal food or 
gavage. However, we could see several ad­
vantages for using an elemental diet in our 
eight patients. In some of them, a preliminary 
gastrostomy was unnecessary, and preoper­
ative nutrition was accomplished through a 
fine nasogastric tube. Hence, such an oper­
ation as colon interposition was facilitated 
by the absence of adhesions to the abdomi­
nal wall. Preparation of the colon could be 
carried out exclusively by the use of the 
residue-free diet or by introducing cathartics 
through the tube. The morbidity associated 
with gastrostomy and the local care required 
were avoided. Another advantage in our pa­
tients, who often underwent two or three 
operations, was the possibility of starting nu­
trition 36 to 48 hours after the operation. 
They also tolerated well 2000 to 2500 cal/d 
without diarrhea or nausea in spite of their 
old age (mean 69.2 years). Case 3 is an 
example of good nutritional support in a 60- 
year-old debilitated woman which contrib­
uted to her recovery without loss of weight 
after a colon interposition procedure com­
plicated by development of a fistula at the 
esophageal anastomosis.
Complicated Pancreatitis
All four patients included in this group 
required surgery for complications of acute 
pancreatitis such as duodenal and/or biliary 
obstruction, fistulas, massive gastrointesti­
nal hemorrhage and sepsis. Three underwent 
excision of necrotic pancreatic tissue. In 
three there were intra-abdominal abscesses 
and two developed pancreatic fistulas. Case 
4 is particularly illustrative of this category 
of patients among whom a high mortality 
is currently reported. Management presents 
the dilemma of highly increased caloric 
needs and the threat of exacerbating pancre­
atitis as soon as eating is permitted. Paren­
teral alimentation appears to be the solution 
of choice but the use of elemental diets has 
also been considered, either as a comple­
mentary mode of therapy or as an alternative 
in cases in whom intravenous alimentation 
would carry a high risk of complications.
Good results have been reported by Ste­
phens and Randall1 and Voitk et al9 in 
small series of patients.
Although the presence of fat, proteins and 
peptones in the duodenum is known to 
stimulate pancreatic exocrine secretion, there 
is experimental evidence that this stimula­
tion is significantly less with elemental diets 
than with normal food.10 Brown et al1 have 
found a decreased amount of zymogen gra­
nulations as well as a lower level of trypsino- 
gen in the pancreatic tissue of dogs fed on 
elemental diet. Similarly, Bounous et a l 11 
obtained lower levels of trypsin and chymo- 
trypsin activity in homogenates of mouse 
intestinal mucosa. Other experiments have 
also shown a decreased volume of exocrine 
secretion.12 Suggested mechanisms are abo­
lition of the cephalic phase, decreased 
amounts of acid in the duodenum,8 and the 
virtual absence of peptones and proteins 
with consequently little stimulation of secre­
tin and pancreozymin. It is also conceivable 
that administration by continuous drip can 
avoid the peaks of stimulation produced by 
ordinary meals and their possible triggering 
effect.
All four of our patients recovered and 
nutritional support was judged adequate 
except in one patient who had undergone 
subtotal gastrectomy for bleeding. This pa­
tient had nausea and diarrhea unresponsive 
to the usual measures. Although he eventual­
ly recovered from a left subphrenic abscess 
and a pancreatic fistula, he continued to lose 
weight steadily. On subsequent readmission 
and investigation, he was found to have mal­
absorption related to a blind-loop syndrome 
with duodenal and jejunal bacterial over­
growth.
Inflammatory Disease of the Bowel
The use of parenteral nutrition and ele­
mental diet has been advocated for inflam­
matory disease of the bowel since 1968.11 13 
Both techniques appear to achieve the same 
goal of supporting the patient nutritionally 
and putting the bowel at rest until the oc­
currence of a spontaneous or pharmacolo­
gically induced remission. No specific thera­
peutic virtue can be attributed to elemental 
diet in either Crohn’s disease or ulcerative 
colitis. However, by virtue of its rapid and 
almost complete proximal absorption, it can
January 1975 THE CANADIAN JOURNAL OF SURGERY 95
be an invaluable tool among the supportive 
measures available in the management of 
these diseases. Case 6 is an example of 
Crohn’s disease affecting the terminal ileum 
and complicated by fistula and abscess form­
ation. The use of elemental diet proved to 
be quite beneficial; controlled caloric intake 
was achieved with disappearance of cramps 
and diarrhea, weight gain, and healing of the 
fistula and excisional surgery without com­
plication.
Although Stephens and Randall1 reported 
good results with ulcerative colitis, the ex­
perience with one of our patients was decep­
tive. He had severe, active ulcerative colitis 
with marked watery diarrhea. While on the 
diet he continued his downhill course with 
steady loss of weight and no relief from his 
diarrhea. A total protocolectomy was even­
tually required.
Bowel Preparation
The use of liquid diet has been an ac­
cepted part of the conventional mechanical 
preparation of the bowel. Elemental diet, 
because it is well balanced and highly nu­
tritive, may be expected to accomplish the 
same result while avoiding poor nutrition.
Whether it can also lead to any signifi­
cant reduction in the intestinal bacterial 
flora receives conflicting reports in the liter­
ature. Winitz et aP + have reported a reduc­
tion of the intestinal flora of human subjects 
within 4 days after a single enema given 
on the first day. Other workers such as 
Atteber-y, Sutter and Finegold15 found sta­
ble anaerobic counts and slightly increased 
aerobic flora after an 8- to 10-day period 
on the diet. Furthermore, 5 to 7 days 
were required to evacuate spontaneously 
pre-existing fecal material from the bowel. 
In view of this long interval and the prob­
lem of poor taste and monotony in the sim­
ple oral administration of these diets, it is 
doubtful whether elemental diet alone can 
have great value in the bowel preparation of 
routine cases.
However, in the particularly brittle pa­
tient, where hydration and nutrition are of 
critical importance and where an optimal 
mechanical preparation is also desired, the 
use of elemental diet might prove a useful 
adjunct if ample time were allowed and 
available. Patient 6 who had severe, chronic,
renal failure, salt-losing nephritis, hyperten­
sion and long-standing malnutrition, met 
these criteria. The same conditions apply to 
patients with neoplastic esophageal stricture 
requiring colon interposition.
Patient Tolerance and Complications
of Elemental Diet
Potential complications of elemental diet 
are related to the technique and route of its 
administration, and to its metabolic effects. 
They can be classified as follows: (1) com­
plications from gastrointestinal administra­
tion—(a) erosions: pharyngeal, esophageal 
etc., (b) delayed gastric emptying, (c) nausea 
and vomiting, (d) diarrhea, (e) aspiration; 
(2) metabolic complications—(a) fluid re­
tention, (b) hyperosmolar dehydration, (c) 
hyperglycemic non-ketotic coma, (d) hyper­
glycemia, (e) hypoprothrombinemia.
Our experience with small, pliable, naso­
gastric tubes parallels that reported in other 
clinical studies.2 Patients were able to 
tolerate uninterrupted intubation for periods 
up to 2 months without discomfort or the 
development of lesions related to presence 
of the tube. This technique of administering 
the diet was preferred to oral intake. In 
spite of the flavouring, the majority of our 
patients could not be expected repeatedly to 
drink predetermined amounts of even the 
most palatable fluid. Our objective was 
precisely to obtain total control of the ca­
loric and fluid intake.
Gastrointestinal disturbances were gen­
erally minimal. Persistent nausea was noted 
in only two cases. Delayed gastric emptying 
was not observed with rates of administra­
tion less than 125 ml/h. Gastric distension 
or sensations of bloating were infrequent 
and as a -»rule followed periods of uncon­
trolled rapid administration.
Persistent diarrhea requiring opiates or a 
slower administration of the diet was present 
in five cases. In four of them the diarrhea 
was attributable to the following pathologic 
conditions: internal small bowel fistula,
blind-loop syndrome, extensive gastrectomy 
with mesenteric artery insufficiency, and 
severe exacerbated ulcerative colitis. Most 
patients had infrequent bowel movements of 
soft to watery consistence.
Intermittent administration by syringe, 
used in a few patients, appeared to be asso-
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dated with more gastrointestinal disturb­
ances. On this basis and because the amount 
of diet that can be administered in 24 hours 
is usually less, this method is certainly not 
preferred.
Aspiration represents the only potentially 
serious complication of nasogastric adminis­
tration. Hazards are much less than those of 
conventional tube gavage for several obvious 
reasons: slow drip administration, absence 
of interference with antireflux mechanisms 
with small tubes, absence of solid particles, 
and decreased acid secretion. However, 
complications can certainly occur and can 
be fatal. One fatal case resulting from dis- 
lodgement of the tube has been reported.2 
Among our three fatalities, one was found 
to have bronchopneumonia at autopsy, al­
though this could not be confirmed as the 
cause of death. The patient had undergone 
hemiglossectomy; she had locally recurrent 
cancer and could not adequately swallow 
saliva. The other two deaths (Table II) were 
unrelated to complications of therapy, or to 
nutritional problems.
Among the metabolic complications listed 
above, fluid retention is one of prime impor­
tance and is common with intravenous feed­
ing. This has been reported by Voitk et al2 
who noted a fall of the hematocrit with a 
rise of blood volume in the absence of clin­
ical edema. We did not observe sudden 
weight changes suggesting significant fluid 
retention. This is attributed to our policy 
of modest caloric supply with volumes of 
free water not exceeding 2000 ml/d, when 
there were no abnormal losses.
Hyperosmolar dehydration and hyperos­
molar coma, which are a major threat in pa­
renteral nutrition, are less likely to occur 
quickly and unnoticed when the diet is given 
via the gastrointestinal tract. Flexical in 
this respect appears safer than other glucose- 
based diets. An important part of its caloric 
value is supplied by fat; it is therefore less 
hypertonic at the normal strength of 1 cal/ 
ml.
Theoretically, hypoprothrombinemia is of 
importance. The liposoluble vitamin K is 
present only in trace amounts in current 
commercial preparations and would prob­
ably not satisfy daily needs if intestinal 
bacterial synthesis were entirely inhibited. 
However, this has not been demonstrated.
Although we have not given parenteral vita­
min K supplements as a rule, we have not 
observed any instance of bleeding diathesis 
or significant alterations of prothrombin 
time.
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B O O K  R E V I E W S
ABDOMINAL OPERATIONS. 2 vols. 6th ed. 
Edited by Rodney Maingot. 2240 pp. and in­
dex. Illust. Appleton-Century-Crofts, New 
York; Prentice-Hall, Inc., Englewood Cliffs, 
N.J., 1974. $82.50.
It is interesting to note the changes and re­
visions that have taken place in this great 
work over some 20 years, from the single­
volume third edition of 1955 to the present 
two-volume work. Since 1965, when the last 
edition appeared, the material has been so 
edited and revised that 26 new chapters and 
parts and over 600 new illustrations have been 
added.
Maingot is one of the early pioneers in 
breaking away from the nationalistic tendency 
for medical authors to stay within the confines 
of their country in the selection of medical 
and surgical collaborators for their textbooks. 
He has achieved the great objective of bring­
ing together contributions to this large work 
from 97 recognized specialists from both sides 
of the Atlantic to provide a wide range of 
opinions and techniques.
The format of the two volumes is clear 
and uncrowded. Surgical textbooks necessarily 
contain much on technique and may have a 
somewhat sterile appearance with limited illus­
trations, tables or graphs. The editor has ob­
tained a good blend of description interspersed 
with 1727 illustrations. Indeed, this work re­
flects an excellent balance between textbook 
and surgical atlas. Some older illustrations 
have been deleted but some have been retained. 
The new plates are well drawn with good 
definition. Some of the old ones, although 
equally well drawn, are perhaps too dark 
and could have benefited from lightening to 
give a more even appearance, but this is a 
minor point.
The multiplicity of subjects in these two 
volumes are discussed completely with a good 
balance between historical notes, anatomy, 
physiology and management. The references 
used by each author are for the most part 
quite international.
This sixth edition of “Abdominal Operations” 
has once more maintained Maingot’s high 
standards. It is a worthy and comprehensive 
treatise on abdominal surgery and its manage­
ment, and is an important reference work for 
the library shelves of the individual surgeon, 
university, and hospital.
R. H. Thorlakson
The Winnipeg Clinic,
Winnipeg, Man.
ISOLATED ORGAN PERFUSION. Edited 
by H. D. Ritchie and J. D. Hardcastle. 214 
pp. Illust. Crosby Lockwood Staples, Lon­
don; General Publishing Co. Limited, To­
ronto, 1973. $20.75.
The 13 contributors to “Isolated Organ Profu­
sion” are all, with the exception of Professor 
Hardcastle, from the London Hospital. The 
book describes the methods of perfusion of 
liver, stomach, duodenum, and pancreas used 
by the authors. In 70 pages, Part 1 describes 
the basic requirements and principles of per­
fusion, choice of animal, anesthetic apparatus 
used, perfusion fluids, and monitoring of both 
behaviour and composition of perfusion fluid. 
These seven chapters are well written and 
give detailed information regarding the variety 
of preliminary technical preparations necessary 
to achieve successful perfusion of isolated 
organs. Part 2 deals with the perfused organs. 
The chapter on perfusion of the isolated liver 
gives details of the preparation and perfusion 
of the canine liver, and various methods of 
monitoring liver function, which are illustrated 
in clear tables and figures; a similar descrip­
tion is given of porcine and rat liver perfusion. 
This long chapter (63 pages) is rich in results 
and contains a satisfactory list of references. 
Another chapter is concerned with perfusion 
of the canine stomach. The methods of per­
fusion using various oxygenators are first de­
scribed, followed by analysis of cross-perfusion. 
The authors used both autologous and homo­
logous perfusion. They discuss briefly the study 
of secretory function, but their major interest 
appears to be the study of gastric motor func­
tion, both mechanical and electrical. It is ap­
parent that this London Hospital group has 
made an original contribution to the study of 
gastric motility in ex vivo conditions For the re­
viewer it is the most interesting part of the book. 
The final chapter on the duodenum and pan­
creas describes a technique that is now very 
important for the study of pancreatic function 
and its relation to the duodenum and stomach. 
Both surgery and perfusion methods are 
clearly described. This chapter contains a series 
of excellent photographs of surgical an3 ana­
tomical preparations and figures of motility 
recordings.
This fine book is of real practical value for 
every experimental or clinical surgeon work­
ing with totally isolated organs.
K. K owalewski
Surgical-Medical Research Institute,
The University of Alberta,
Edmonton, Alta.
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